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Foreword 

THE story of how man has wrested from nature 
its secrets and applied them for the benefit of 
the human race is an ever-lengthening-out story of 
the manner in which man has risen from savagery and 
barbarism to that state of society which we enjoy to- 
day and which we term civilization. We have made 
progress as we have accumulated knowledge, and when 
we began the distribution of knowledge we acceler- 
ated this progress. 

The fact that there is a certain amount of informa- 
tion in the world becomes of value only when it is 
made of utmost use. Undoubtedly this was the un- 
derlying thought at the recent Convention of our 
Brotherhood, and the thought most immediately in 
our minds was that we as an organization would grow 
and expand and develop in just such proportion as our 
individual members added to their fund of knowledge ' 
of the art of signaling and its practical application. 

Eighty years ago Hugh Miller, the Scotch stone- 
mason and quarryman, who became a famous geolo- 
gist, wrote "The Old Red Sandstone/* and in this book 
he said, "And do not let any class get ahead of 
you in intelligence." The high standard set by the 
railroad signalmen is very generally recognized. What 
we did in our action at the Convention in regard to an 
educational program was with the idea of increasing the 
knowledge of signal service. 
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This book, the first of a series to be issued under 
the direct supervision of our Brotherhood, is but a 
beginning of our general educational plan. Grand 
Lodge officers and members of the Grand Executive 
Board have carefully gone over the manuscript of 
this book and made many suggestions, which the au- 
thor acknowledged as of great value. Further sug- 
gestions will, of course, be welcomed from any of you, 
and necessary additions incorporated in subsequent 
editions. 

We have only one thought to add in connection with 
this, the first book of the Brotherhood: It should be 
read by each member of our organization ; and we feel 
sure that you who read this will do your best to further 
its reading by your friends and associates. 
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ing under the instructions oif the Convention of Octo- 
bei, 1920. 
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CHAPTER I 

THE FUNDAMENTALS OF SIGNALING 

THE purpose of signaling is to facilitate and expe- 
dite traffic with increased safety. The great need 
is facility — or, in other words, greater traffic capac- 
ity. Formerly, automatic block was installed prima- 
rily to increase safety; now, in a large majority of 
cases, signaling is installed to facilitate traffic and thus 
effect economical operation. All modern signaling 
has a high degree of safety, but the safety factor in 
itself is of secondary importance. 

It is to prevent delays to traffic that we e?cpend the 
utmost care upon the maintenance of signals, in order 
that they may be kept in condition to operate properly, 
and with the least possible number of failures, even 
on the safe side. A signal indicating "stop" because 
of a defect in maintenance causes unnecessary delays, 
which mean the holding up of traffic, wear and tear 
on equipment, and extra power spent and coal wasted 
in starting trains. 

Definition of Signaling — Signaling is the control of 
railway traffic by means of fixed signals. By fixed 
signals are meant those located permanently at given 
points, as contrasted with hand or other signals which 
are not restricted to any particular points on the road. 

Types of Signaling — There are two grand divisions 
of signaling: (1) block signaling, and (2) interlock- 
ing. Block signaling pertains to the spacing of trains 
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THE SIGNALMAN AND HIS WORK 

moving' in the same or in opposite directions on the 
same track. 

Interlocking is the means for routing- trains over 
conflicting routes, as at crossings, junctions and ter- 
minals; or over routes which are not always intact or 
lined up for trains, as draw bridges, etc. The stand- 
ard code definition for interlocking is : '*An arrange- 
ment of switch, lock and signal appliances so inter- 
connected that their movements must succeed each 
other in a predetermined order." For instance, a 
switch or derail must be locked in its correct position 
before the signal can be unlocked so that it caa be 
cleared. Then, if the enginemen always observe and 
obey the signal indications, it will be impossible for 
a train to be derailed or to collide with another on a 
conflicting route. The leverman is prevented from 
manipulating the various levers improperly, first, by 
mechanical locking between the several levers, and, in 
addition, by various combinations of electric locking — 
detector, approach, route, etc. 

The table below gives in concrete form a general 
idea of the fundamental systems of block signaling: 

Types of Signaling 

1. Time interval. 

2. Space interval. 

a. Manual block. 

b. Controlled manual block. 

c. Automatic block. 

Time Interval — The time-interval system is the old 
telegraphic block system. In handling trains by this 
method, it was only attempted to prevent a following 
train from leaving a station until after a certain pre- 
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THE FUNDAMENTALS OF SIGNALING 

scribed time, usually ten minutes, had elapsed, or to 
prevent a train from leaving a station when an ap- 
proaching train had already left the station in advance. 
The old telegraphic block was not a block system in 
the strictest sense of the word. 

The only difference between telegraphic block and 
manual block is that in the former the operator dis- 
played the signal at "stop" for "a certain time, while 
in the latter the signal is held at "stop" until the train 
has passed out of the block. In both cases trains 
operate under (1) book of rules, (2) time table, and 
(3) train orders. The great danger of the former is 
that a train slowing down or stopping for any cause 
can be overtaken by a following train before the flagman 
can go back far enough to protect his train. 

Space Interval — The space-interval system af- 
fords a definite space interval bet\»^een trains as traffic 
conditions may require from time to time. The big 
advantage of the space interval, of course, is that in 
case a train is delayed, the following train is prevented 
from running it down, provided the signals have in- 
dicated properly and have been obeyed; while with 
the time interval, if a train is delayed, a following 
train might be released, and, failing to see the flag- 
man, or the flagman failing to piotect his train prop- 
erly, be permitted to run into the rear of the first 
train. 

Manual Block — The manual block system was the 
first improvement over the time-interval system of 
signaling. In this system, block stations are located 
at various intervals along the railway as traffic may 
require ; and at each of these block stations is a signal 
(ordinarily having an arm for each direction) con- 
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THE SIGNALMAN AND HIS WORK 

trolled by the operator at that point. The operator 
manipulates his signals in accordance with instruc- 
tions or information received by telegraph or tele- 
phone from the train dispatcher or from the operators 
at block stations on either side. 

Failure of one operator properly to execute instruc- 
tions or to display his signal may cause an accident. - 

Controlled Manual Block — The standard code defi- 
nition of this system is: "A manual block system 
safeguarded by the addition of electric locks, attached 
to the signal levers and controlled from the adjoining 
block stations, so arranged that a *clear' signal cannot 
be displayed to admit a train into a block without the 
simultaneous action and consent of the signalmen at 
both ends of the block." 

The main characteristic of this system is some form 
» of electric locking extending from block station to 
block station and so arranged that the operators at 
each end of the block must simultaneously manipu- 
late a key, push button or some similar device, so that 
the signal can be cleared. 

There . are numerous adaptations of the controlled 
manual block system, of which the following are 
typical : 

A. Lock and block system (a name commonly 
used for the controlled manual block system). 

B. Staff system. 

C. Electric locks on levers of adjacent interlocking 
machines, the locks being controlled in the same man- 
ner as in "A" and "B'* and communications being by 
bell code or telephone. 

The track-trip arrangement was a crude form of 
automatic block. Controlled manual block with track 
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THE FUNDAMENTALS OF SIGNALING 

circuits is more properly known as- semi-automatic 
block, but has been little used. It costs as much as 
automatic and there is practically nothing to be gained 
by imposing lever control except in certain very rare 
cases. 

The principal disadvantage of the controlled man- 
ual system is that it is subject to failures of the hu- 
man element, and a '*clear" signal does not necessa- 
rily indicate that the block is unoccupied, track intact, 
and switches in proper position. 

Automatic Block Signals — In the automatic block 
system, the signals are worked entirely by mechan- 
isms which are controlled by trains or by certain con- 
ditions affecting the use of a block — such as a mis- 
placed switch, a broken rail, etc. The basis of all 
systems of automatic block is a track circuit control. 
The track is divided up into series of insulated sec- 
tions called track circuits, with one or more sections 
between each two adjacent signals. In each section 
there is a track circuit. Current flows through a wire 
from the track battery located at one end of a sec- 
tion to one rail, through the rail to the opposite end 
of the insulated section, and through a wire to the 
track relay, and then back to the return rail and 
through the rail and a battery wire to the battery 
again. (Sometimes there is more than one track cir- 
cuit to a block section.). 

When the track circuit current is closed (unoccu- 
pied) the track relay is energized, thus closing the 
local' battery circuit at the signal, provided the signal 
apparatus is working correctly. 

Anything which affects the track circuit in such 
a way as to take energy from the track relay also 
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breaks the local circuit at the signal, and this allows 
the signal to come to the "stop** or "caution** indica- 
tion by gravity. The signals are only held at the 
"clear** position as long as there is a closed circuit 
and current is flowing through the track relay and the 
signal relay. 

Summarizing, the principal advantages of the auto- 
matic block system are: 

1. As its name implies, it operates automatically 
independent of the human element. 

2. A "proceed'* signal is displayed when condi- 
tions are safe for the passage of a train. 

3. *A "stop" signal is displayed if there exists any 
abnormal or unsafe conditions such as a train in the 
block, a misplaced switch, a broken rail, etc. 

4. It affords .a definite space interval for all kinds 
of traffic, depending only upon the distance from sig- 
nal to signal, the minimum distance being the safe 
braking distance of a train or, in some cases, the 
maximum train length : in other words, maximum 
flexibility. 

5. It serves as a check against failures of the hu- 
man element. 

6. It operates on the closed circuit principle. 

7. It makes it possible to reduce to a minimum the 
number of operators who are only required to trans- 
mit train orders, send and receive messages, etc. 

The only disadvantage of the automatic block sys- 
tem is that there is nothing to enforce observance of 
and obedience to the indications. On the other hand, 
a careful analysis of the I. C. C. statistics has shown 
that automatic signals prevent about 70 per cent of 
train accidents. 
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In lower-quadrant semaphore, the semaphore is 
raised to the "stop" indication by means of a coun- 
terweight. In the upper-quadrant semaphore, the 
weight of the blade and its counterweight will allow 
it to drop to the "stop*' position when current is 
withdrawn from either the signal circuit or the track 
circuit. 

The three-position upper-quadrant semaphore is the 
A. R. A. standard. The two or three-position lower- 
quadrant signal is still somewhat used. 

Interlocking — As stated above, interlocking is a 
means of safely routing trains over conflicting routes, 
as at crossings, junctions and terminals; or over 
routes which are not always intact or lined up lor 
trains, as draw bridges, etc. 

According to rules, all levers are supposed to be 
in the normal position except when a route is set up 
for an approaching train. Normally, signals display 
their least favorable indication — derails set to derail, 
signals at "stop," etc. This applies to all locations — 
crossings, junctions, draw bridges, etc. 

There are, in general, two kinds of interlocking: 
(1) mechanical, and (2) power. 

In mechanical interlocking the leverman exerts 
physical effort for operating the interlocking units. 
In power interlocking, the leverman manipulates lev- 
ers which control the interlocking units, but the power 
which operates the units is supplied by electricity or 
compressed air. 

Interlocking plants, as we know them today, are 
classified as follows: 

1. Mechanical interlocking. 

2. Electro-mechanical interlocking. 
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3. Electro-pneumatic interlocking. 

4. Electric interlocking. 

We are all so familiar with mechanical interlocking 
that no description is necessary. In electro-mechan- 
ical interlocking, certain units are operated by elec- 
tricity to reduce the length of movable mechanical 
connections, such as pipe and wire lines. These 
plants may also include electric locking and route 
locking circuits — developments which have been added 
to safeguard the movement of trains as well as to 
prevent improper manipulation of- levers by levermen 

Electro-Pneiunatic Interlocking — In electro-pneu- 
matic interlocking, the control and indication of the 
units are electric, and the operation is by compressed 
air. 

By utilizing electricity where the power require- 
ments are comparatively low — i. e., for control and 
indication — and compressed air where the power re- 
quirement is heavy, but for a sho/t duration of time 
— i. e., for operation of switches and signals — advan- 
tage is taken of the form of energy which is suited to 
the load. Electro-pneumatic interlocking provides for 
almost instantaneous operation of switches and 
signals. 

Electric Interlocking — In electric interlocking, con- 
trol, indication and operation of the units are through 
electrical circuits and electrical power. 

The development of electro-pneumatic interlocking 
preceded the development of electric interlocking, be- 
cause of the time element required in operating a unit. 
It takes time for an electric motor to speed up and 
develop the power to operate a unit. This drawback, 
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however, has been overcome in modern electric inter- 
locking plants by provisions through which the man 
in the tower may start lining up an opposing route 
unit by unit behind a train as it passes certain sections 
of the plant. This gives the electric motors time to 
speed up and operate each unit; and when the train 
has finally passed the last section of its route, the 
opposing route will be practically all lined up with 
the exception of the signals. Many of our large pas- 
senger terminals are operated satisfactorily by electric 
plants. 

Automatic Train Stops — There has been some con- 
fusion as to the exact difference between automatic 
stops and automatic train control. Automatic train 
stops are designed to give a "stop** action only, and 
therefore they correspond to the "stop" or "danger" 
signal. When the air is applied and the train is 
stopped, it is not necessary for the 'engineman to 
touch his air control. In case he is incapacitated or 
does not see a signal, the automatic train stop is de- 
signed to take his place. Automatic train stops may 
be so arranged that the engineman cannot go ahead 
until after the train has come to a complete stop, or 
that after the air has once been applied, he can regain 
control and use his own judgment as to how far he 
should reduce his speed before proceeding to the next 
signal, or point of control of the next automatic stop 
contact. 

As ordinarily installed at present, the automatic 
stop is merely an adjunct to enforce obedience to sig- 
nal indications. By means of suitable circuits it may 
also be utilized in connection with time-element con- 
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* 

trol, as on the New York subways, where trains are 
permitted to close-up at stations at reduced speeds. 

Automatic Train Control — Automatic train control 
is designed to give several different speeds corre- 
sponding to the "clear/' **caution*' and *'stop" indica- 
tions given by automatic block signals. 

When a train approaches a point where the signal 
would be at "caution," the brakes are applied 
without any action by the engineer, if the train is 
going faster than a predetermined rate of speed; and 
the train is slowed down until it comes to the 
"caution*' speed, after which the air is released 
automatically. -At places where there is a three-block 
indication instead of a two-block indication, speed 
control may be so arranged, theoretically, as to con- 
trol the speed of the train for three definite limits, 
depending upon the condition of the track in advance. 

In general, automatic stops and automatic train 
control are operated by means of (1) trips, (2) ramps, 
(3) brushes, (4) induction coils, and (5) track control 
governed by track circuit. 

Ramps, trips, brushes or induction coil controls 
located at certain points along the roadway may break 
through track circuit or signal relays, or both, thn.*? 
operating in conformity with track circuit or signal 
circuit conditions. 

A more recently developed system provides coils 
on the locomotives which pick up current by induc- 
tion from current flowing in the track rails. By an 
ingenious arrangement of standard signaling devices, 
a three-position control has been secured, allowing 
the train at all times, even when signals are not 
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within the range of vision, to be under the control of 
the track circuit occupied by the train and the circuit 
next in advance. 

Maintenance — There is not much that can be said 
upon maintenance in a general and fundamental chap- 
ter such as this. But the mention of the different 
systems of block signals and interlocking plants is 
sufficient to show the great variety of apparatus and 
methods, and types of control of units, with which a 
signalman must familiarize himself if he is to become 
an all-around maintainer. 

In the maintenance of purely mechanical plants, we 
have the pipe lines and wires which form the direct 
moving connections between the power and the units. 
We have crank arms, pipe line carriers, compensators, 
bolt lock movements, facing point locks, and many 
other mechanical appliances to maintain. Creeping 
of track or movement of switches caused by expan- 
sion or contraction of the rails creates trouble with 
many of these units or mechanical devices, while 
snow and ice or material dropped from trains inter- 
fere with operation and must be overcome by proper 
attention from the signal force. 

In both electro-pneumatic and electric mterlockings, 
the signalman must be familiar with electric circuit 
diagrams, section, sectional-route, and approach lock- 
ing, indicators, annunciators, and, in fact, all electric 
automatic block signaling apparatus, such as relays 
and signals. He must also have a fair working knowl- 
edge of power equipment, such as motor generators 
and compressors. 

In electro-pneumatic plants, the signalman must 
also have a fair working knowledge of air pipe lines, 
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and understand, besides, the action of air in cylinders, 
which, through their pistons, cause the switches and 
signals to assume their respective positions. 

In electric interlocking, the signalman must under- 
stand high voltage motors and the various geared de- 
vices through which they operate the switches and 
signals, and must also be familiar with the effect of 
line resistance on voltage where considerable power 
is transmitted. 

An all-around signalman must be a good mechanic 
and must, be familiar with the fundamentals of elec- 
tricity and of mechanical and electrical apparatus and 
its operation, particularly with the various means of 
transmitting power — mechanical, pneumatic, electric, 
etc. 

The enumeration above is necessarily incomplete, 
only touching what might be termed the high spots. 
It is given in this chapter merely to show the scope 
and importance of the signalman's work, and to show 
the breadth of training the signalman must have. And 
we have in prospect the addition of automatic stops 
and automatic train control, which will necessitate 
the still further broadening of the signalman's educa- 
tion, for with it will come entirely new types of 
apparatus, which must be maintained and kept in 
operation, and which will constantly present new 
problems to the signalman. 

Mr. D. W. Helt, president of the Signalmen's Broth- 
erhood, called attention to the problems which have 
piled up, one upon the other, in signal maintenance, 
in his testimony before the Railroad Labor Board in 
March, 1921, from which we quote as follows: 
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*'While railroading in general has made astonish- 
ing progress, the progress of the signal department, 
the newest department in railroading, has been phe- 
nomenal. 

**It was only a comparatively few years ago when 
signaling was introduced into this country. The first 
signals used were manually operated block signals 
and manually operated interlocking plants. The man 
ually operated block was comparatively simple, but 
there was quickly added the controlled manual block, 
and special circuits of every kind have been added, 
until now we have the most complicated layouts and 
circuits imaginable. Mechanical interlocking was 
complicated enough, having locking charts which 
sometimes required months to work out. Yet on top 
of this have been acMed many other features, even in 
mechanical interlocking plants, which have doubled 
and redoubled their complication. 

"On- top of all these complications there have been 
added direct current automatic block signaling, elec- 
tro-gas automatic block signaling and finally alternat- 
ing current automatic block signaling. In addition to 
mechanical interlocking plants, we have electro-pneu- 
matic interlocking plants, electric interlocking plants, 
and electro-mechanical interlocking plants, with the 
myriad electrical circuits for annunciators, route lock- 
ing, detector locking, advance locking, approach lock- 
ing, etc., the combination of which in different plants 
leads to a network of complications. 

"Signals have changed from lower quadrant to 
upper quadrant, and finally the position light signal 
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has been evolved. We have progressed from two- 
position to three-position signals, and from one-block 
to three-block indications. The old absolute block has 

< > 

given way to different combinations of absolute or 
permissive block, and to the complicated absolute 
permissive block (A. P. B.). 

''On top of these rapid developments we are now 
just at a point where the automatic stop and auto- 
matic train control are likely to be added. Some rail- 
roads already have installations, and I. C. C. rulings 
and studies are being made which may soon result 
in the wider adoption of these complicated appli- 
ances. The recent wreck at Porter, Indiana, will un- 
doubtedly hasten this development and place upon the 
already overworked signal department the necessity 
for learning what will be practically an entirely new 
art, besides forcing upon the shoulders of the signal 
department the maintenance of a large additional 
quantity of automatic stop and automatic control cir- 
cuit devices. 

*'From the automatic stops or automatic train con- 
trol already installed, we know that the equipment 
will be installed in connection with the signals, and 
that at least 90 per cent of the work necessary in the 
installation, maintenance and repair of these ne\v 
appliances will fall upon the signal department.*' 
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CHAPTER II 

AUTOMATIC BLOCK SIGNALS 

HE standard code definition for an automatic 
block signal is: "A block signal worked by elec- 
tric or pneumatic agency, which is controlled by the 
passage of a train into, through and out of the block 
section to which the signal is connected.' An auto- 
matic block signal system consists of a series of con- 
secutive automatic block signals. 

The automatic block system, like the manual block 
system, aims to keep a definite space interval between 
trains. The automatic block system, however, is dif- 
ferent from the manual block system in that the pres- 
ence of a train in the block automatically operates the 
signal, thus making the safety of operation of the 
signal system independent of the possible mistakes 
which may occur in manual block signaling, through 
errors or lapses of memory on the part of the signal 
operator. 

If the modern automatic block signal system is 
properly maintained, and if signals are obeyed by the 
enginemen, two trains cannot get close enough to- 
gether to collide. It is true that in most cases a 
train is allowed by the rules of the railroad to pro- 
ceed on permissive indication into a section which 
may be occupied by a preceding train, after having 
been brought to a stop at a "stop" indication ; but in 
that case the rules also state that the engineman must 
keep his train under control and be prepared to stop 
within his vision. This applies to double track or to 
tfains running in the same direction on single trade 
under the absolute permissive block system. 
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The First Automatic Block Signals — The first auto- 
matic block signals were controlled by track instru- 
ments. The track instrument consisted of a lever 
which was hit and depressed, or an electrical contact 
which was operated by the bending *of the rails as the 
wheels passed over. 

The Track Circuit — The accepted basic principle for 
control of practically all modern signal systems is the 
closed track circuit. The mechanism for operating 
the signals, which is separate from the track circuit, 
is also designed on the closed circuit principle. A 
break or short in either of these circuits allows the 
signal to assume the "stop" indication. 

With the track circuit, failure of a rail or some 
part of the track will usually be indicated, causing 
the signal to assume the ''stop" position. That is, a 
break in the track rail will be a break in the track 
circuit, under most conditions, which will prevent cur- 
rent from flowing through the track circuit relay, the 
armature of which will then drop, thus opening the 
signal circuit and allowing the signal to operate to 
stop. 

Breaks i|j the rails do not always operate the sig- 
nal, however. If a break comes at a joint, the cur- 
rent may be carried around by the bond wires, and 
the break will then have no effect. Sometimes a 
break in a rail is such a small crack that there is still 
enough current passing through the rail, and possibly 
through the ballast around the break, to hold the 
relay armature up. It has become quite common 
practice, however, in track maintenance, to keep all 
ballast away from contact with the rails. This not 
only prevents leakage around the rail break, but keeps 
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leakage at a minimum through the ballast from rail 
to rail — a condition which is more likely to be serious 
when the ballast is wet, during heavy rains, etc. With 
properly maintained track, therefore, most dangerous 
breaks in rails will be indicated by the signal going 
to the "stop'' position. Rail breaks at joints between 
the bond wires are usually not dangerous because the 
rail is held in place by the angle bars. 

The track circuit control of trains not only gives 
an automatic control which is independent of the ac- 
tion of operators, but it gives continuous control, for 
the train shorts the track circuit current away from 
the track relay as long as the train occupies the track 
• section. With track instruments, the train has no 
effect on the signals except when passing the particu- 
lar point at which the track instrument is located. 

Absolute and Permissive Signals — Single track 
signals may be controlled under the older preliminary 
overlap system or the more recently developed abso- 
lute permissive -system. The '^caution" and ''clear" 
signal indications with these two systems mean the 
same thing, but the **stop" indication differs. With 
the older system, a train must wait a certain time 
at a ^'stop" signal and then proceed only under flag 
protection, the flagman preceding the train through 
the block. In the A. P. B. system, two kinds of sig- 
nals are used — the absolute and the permissive. The 
absolute signal indicating *'stop'' means that the con- 
ductor must get in touch with the dispatcher by tele- 
phone or otherwise and proceed through the block 
only under his authority, or as provided in the rules. 
The permissive signal, operating under this system, 
when indicating "stop'* means stop and proceed, the 

29 



THE SIGNALMAN AND HIS WORK 

same as on double track. The systems just described 
are for use on single track only. ^ 

With the automatic block system as used on double 
or multiple track, it is allowable to have two or more 
trains between sidings at the same time, because traf- 
fic on each track is in only one direction, the object 
of signaling being to expedite traffic as well as to 
promote safety. The closer together trains can be 
safely operated, the greater the amount of traffic one 
track will carry. With the permissive block system 
on a multiple track railway, trains may be started out 
from a division terminal as fast as the starting signal 
clears up behind the train in advance. In this manner 
freight trains may be started out only a block apart. 

Multiplying Signal Protection — When automatic 
block signaling was first introduced, it was consid- 
ered sufficient to have each signal operate in two posi- 
tions only, namely, "stop'' and "proceed." Then, un- 
less there was a separate distant signal in the rear 
of the home signal, it was possible for two trains to 
come dangerously close together if the first train 
stopped a few feet ahead of a signal. 

By using two signals — a distant signal for each 
home signal — safe blocking was obtained with two- 
position signals, but at an increased expense for sig- • 
nals. Where the distant signals were placed on sep- 
arate poles, the additional expense was still greater. 

From an economical viewpoint, at least three indi- 
cations are necessary at each signal location, namely, 
**stop," "caution" (proceed under control — ready to 
stop), and "clear" (proceed at full speed). These in- 
dications are usually given in modern signal systems 
by three-position signals, horizontal indicating "stop," 
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45 degrees indicating "caution," and 90 degrees indi- 
cating "clear." The •signal at "stop" indicsiles that 
the first block in advance is occupied; the signal at 
"caution" indicates that the first block is clear, but 
that the second block in advance is occupied; while 
the signal at "clear" indicates that at least two blocks 
in advance are unoccupied. This extension of the 
information given the engineman not only made the 
operation of trains safer, but expedited traffic by al- 
lowing the engineman to regulate his speed so that 
he would not be stopped by constantly working up too 
close to a train in advance. 

On same lines of dense traffic, the signal indica- 
tions have been worked out to cover even a greater 
number of blocks. The three-position signal will give 
information concerning the two blocks in advance. 
Double-blade signals are being used to give informa- 
tion to the engineman on at least three blocks in ad- 
vance. 

Location of Signals — While this book is not in- 
tended to deal with all the details of design or layout 
of signal or interlocking systems, nevertheless a few 
words regarding the location of automatic block sig- 
nals will not be out of place, as they may explain some 
arrangements which have puzzled signalmen. Auto- 
matic block signals should be located on a time-inter- 
val basis. In practice, the preliminary signal loca- 
tions are made on a plan and profile of the railway 
line. Then these locations are checked up with the 
profile, with the location of switches, coal chutes, 
water stations, curves, etc., and signal locations are 
changed to give the best vision and the best operating 
results. Signals should not be placed where they will 
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stall heavy trains on a grade, and they should be lo- 
cated in advance of stretches of. track where vision is 
obstructed. Another condition which must be con- 
sidered is the distance required for a train to stop 
when running at high speed. 

All these conditions make the actual location of 
each signal a separate problem. There are places, of 
course, where station stops are far apart, and where 
a railway line may be almost straight, with few heavy 
grades, and in places of this kind a more uniform 
spacing of signals may be used without any difficulty. 

It is always advisable to have an absolute block 
signal far enough ahead of a switch so that if the 
switch is opened and operates the signal in front of an 
approaching train, the train can stop under the worst 
possible jconditions of speed and reduced braking 
power caused by slippery rails. 

Signals should be so located that when a train stops 
at a passenger station, at the end of a siding or at a 
coaling or water station, the engineman will have a 
signal in front of him and not have to make an extra 
stop for a signal a little further on. 

Normal Indication of Signals — An automatic block 
signal system may be ''normal-clear" or "normal- 
danger." The *'nornial-clear" system is used on a 
large majority of installations in this country. In this 
system the signal blade clears up as soon as the train 
passes beyond the limit of the circuits governing it, 
provided, of course, no other conditions are set up, 
such as an open switch, wheels within fouling distance 
on turnouts, etc. The signal indicates "proceed" when 
the block is unoccupied and conditions are normal. 

In the "normal-danger" svstem, the signals normally 
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.  _  I ,_ 

indicate "stop." As a train enters the approach sec- 
tion, the signal operates to ''proceed" or ''clear" if 
two blocks ahead are clear, or to "caution" if one 
block ahead is clear. If a train in advance is in the 
first block, the signal will remain at "stop." Almost 
all signal installations are "normal-clear." 

A. C. and D. C. Signaling — The first electric block- 
signal installations w^ere operated by direct current. 
The important advantages of the D. C. block system 
are: (1) Its wide use. (2) Its high state of develop- 
ment. (3) Its adaptability: In other words, it is 
operated by batteries which can be installed almost 
anywhere. Its disadvantages are: (1) Subject to 
interference of foreign currents. (2) More or less 
frequent renewal of batteries. (3) Length of ordinary 
track circuit limited to about 3500 feet. (4) Small 
currents and, consequently, small and light parts. 

D. C. automatic block systems are always operated 
from batteries, usually R. S. A. 500 A. H. cells, and 
never from a D. C. transmission line, for that method 
would be impracticable, as economy of transmission 
would require high voltage, which could be reduced 
only by motor-generator sets or machines comprising 
moving parts, which, obviously, would necessitate an 
attendant. 

Direct current is undirectional. Alternating cur- 
rent consists of a continuous series of positive and 
negative alternations, which are usually expressed by 
the term "frequency in cycles per second," one cycle 
consisting of two alternations, so that a 60 cycle cur- 
rent would alternate or change direction 120 times 
a second. In alternating current, also, voltage and 
current fluctuate throughout a cycle. 
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Signal instruments designed for one particular kind 
of alternating current will not be affected by foreign 
direct current or by alternating current of a different 
frequency. 

Note: Aside from the fact that an alternating cur- 
rent relay is not affected by the influence of a foreign 
current unless it has the same "frequency" (number 
of alternations per second) as the signal current, is 
the fact that the use of A. C. eliminates batteries from 
the signal system, the alternating current being gen- 
erated at a power plant and transmitted long distances 
over line wires. As alternating current can be trans- 
mitted great distances without excessive loss of power, 
in the A. C. system it is therefore possible to use much 
longer transmission circuits. Track circuits can also 
be longer on account of the higher voltages available. 
A. C. track circuits as long as 25,000 feet have been 
operated with success. 

Induction motors are used for operating A. C. 
signals. These motors have no commutators nor 
brushes and are therefore much simpler to maintain 
than D. C. motors. 

General Maintenance — ^The testing and maintenance 
of automatic block signals covers a very wide range. 
Trouble with a signal may be due to grounds, foreign 
current, defective track or switches, defective wiring, 
defective apparatus, defective bond wires, reduced bal- 
last or tie resistance, etc. 

The main problem usually is to find or locate the 
source of the trouble, and in many cases the correc- 
tion of the trouble is a simple matter after it has once 
been located. For this reason it is advisable for the 
signalman to acquaint himself as broadly as possible 
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with all types of trouble other signalmen have had and 
the method followed in locating the trouble. 

If the signalman has in mind all of the possible 
sources of trouble, he can start out and eliminate one 
after another and eventually locate the point of the 
defect. Most signalmen have a definite routine which 
they follow, as they have found from experience what 
defects are nK)st likely to occur on their own sections. 

The signalman should understand clearly the fun- 
damentals of block signaling in general and also the 
fundamentals of the particular signals upon which he 
is employed. Most signalmen have this fundamental 
knowledge, but many of them have not analyzed it 
clearly enough to make if of maximum benefit to 
themselves. ^ 
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CHAPTER III 

SIGNAL ASPECTS AND INDICATIONS 

THE Railway Signal Association in 1912 drew up 
a report upon the essentials of signaling in which 
it gave its recommendations as to the signals that 
are essential, and then included its recommendations 
as to wh^t positions of the semaphore should be 
adopted to give these indications : 

There are three signals that are essential in opera- 
tion and therefore fundamental, namely: 

(1) Stop. 

(2) Proceed with caution. 

(3) Proceed. 

The fundamental, "proceed with caution," may be 
used with the same aspect to govern any*- cautionary 

Scheme No. x. 
Fundamentals. 



1. Stop. 



\<^ 



2. Proceed with caution. 



3. Proceed , . 

Figure 1. 
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movement. For example, when= — 

(a) Next signal is ''stop." 

(b) Next signal is "proceed at low speed." 

(c) Next signal is "proceed at medium speed." 

(d) A train is in the block. 

(e) There may be an obstruction ahead. 

Scheme No. 2. 



Fundamentals. 



Supplementary 
Indications. 



1. Stop. 





2. Proceed with caution 



3. Proceed 




4. Proceed at low speed. 




5. Proceed at medium speed 



Figure 2. 

There are two additional indications which may be 
used where movements are to be made at a restricted 
speed, namely: 

(4) Proceed at low speed. 

(5) Proceed at medium speed. 

Where automatic block system rules are in effect, a 

37 



THE SIGNALMAN AND HIS WORK 



special mark of some distinctive character should be 
applied at the stop signal. 

The indications adopted to cover the above funda- 
mentals are shown in Figure 1. 

Scheme No. 3. 



I. Stop 



OR 



.OK 



0« 



2. Proceed with caution 



k^ 



OR 



.e« 



^ 



3. Proceed 




4. Proceed with caution on low-speed route. . . . 




jo^ 



f 



5. Proceed on low-speed route 



6. Proceed with caution on medium-speed route 



7. Proceed on medium-speed route. . . 



8. Reduce to medium speed 



J] 



Figure 3. 
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As a means of designating stop signals operated 
under automatic block system rules, the following are 
suggested : 

1. The use of a number plate; or 

2. The use of a red marker light below and to the 
left of the active light; or 

3. The use of a pointed blade, the blades of other 



1. Stop 




2. Proceed 




Figure 4— Lower-Quadrant Two-Position Signal Indications. 

signals giving the "stop" indication having square 
ends; or 

4. A combination of these distinguishing features. 

The same means of designating stop signals 
operated under automatic block system rules were 
suggested in connection with the supplementary 
scheme (Figure 2) as for the fundamental scheme. 

The committee also submitted a third scheme, "hav- 
ing in view the practice of indicating diverging routes 
by several arms on the same mast." 

The means for designating stop signals operated 
under automatic block system rules under Scheme 
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No. 3 were the same as under Schemes No. 1 and No. 
2. Scheme No. 1, upper-quadrant signals, has become 
so widely used that practically all railroad men now 
recognize the indications. 



1. Stop. 



[^ 



2. Proceed with caution 



3. Proceed 



^ 



4. Proceed at low speed ^\ 



5. Proceed at medium speed. 




Figure 5 — Lower-Quadrant Two-Blade Two-Position Signal Indications. 
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The A. R. A. fundamentals were outlined only for 
upper quadrant signals. And while the present out- 
look seems to point towards the complete substitu- 
tion of upper-quadrant for lower-quadrant signals, as 
yet there are a good many miles of lower-quadrant 
signals in operation. 

The indications for a single-blade, two-position 
lower-quadrant signal are as shown in Figure 4. 

In order to get indications on two blocks in advance, 
with two-position lower-quadrant signals, it is neces- 
sary to use two-blade signals, in which case the indica- 
tions are as in Figure 5. 

These lower-quadrant indications have been illustrated 
because there are still a great many lower-quadrant sig- 
nals on our railroads. 

It is noted, of course, that these signals all have 
square-end; blades. Neither the shape of the blades 
nor their color is mentioned in these fundamentals, 
which have to do entirely with the positions of the 
signal blades. 

The square-end semaphore blade, shown in Figure 
6, is used for non-automatic block and interlocking 
home signals; and the fish-tail semaphore blade, 
Figure 7, is used for block and interlocking distant 
signals. The pointed-end semaphore blade. Figure 8, 
is used for automatic home signals or for train order 
signals. Figure 9 shows the round-end blade com- 
monly used as a train order signal. 

The light indications corresponding to "stop," "pro- 
ceed with caution'' and "proceed" are as follows : Red 
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for *'stop," yellow for '^proceed with caution," and 
green for '^proceed/' These are the colors adopted by 
the Railroad Signal Association (Signal Section A. 
R. A.). 

On some lines it is still the practice to use a white 
light for "clear." This is not considered the best 
practice, however, because in case a colored glass 
roundel is broken out, a danger signal light might show 




Figure 6. 




Figure 7. 




Figure 6. 




Figure 9. 



white instead of red, or a caution light might show 
white instead of yellow. 

Signal Location — The location of the signal on the 
right of way on either single or double track is a 
simple matter, as the signal pole may simply be located 
at the right-hand side of the track when facing in the 
direction of traffic. In other words, the signal which 
the engineer sees at the right-hand side of the track is 
the signal governing the movement of his train. 

In single track, the signal locations for opposite 
directions are often placed directly across from each 
other,'so that when the engineman sees the front of his 
own signal at the right-hand side of the track he at the 
same time sees the back of the signal for opposing traf- 
fic at the left-hand side of the track. 

« 
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White there is not much danger of an engineman 
reading the wrong signal in single track, there is still 
less danger in double track. When there are more than 
two parallel tracks, however, there is a chance for 




Figure 10. 




Figure 11. 




O 



' Matn 



Z.y^cr/r7 
Z/^a/'rr 



T 

Figure 12. 




Figure 13. 



confusion. The layouts shown in Figures 10, 11, 12 
and 13 indicate the way in which signals are placed on 
poles for double and multiple tracks under different 
conditions. The chance for confusion is easily seen 
where it is attempted to signal four tracks. 
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The danger of reading a wrong signal has led to the 
wide use of signal bridges on three and four-track 
roads and even on double-track roads. 

With a signal bridge, each signal arm can be located 
directly above the track it governs, and there is much 
less danger of confusion and mistakes than there is 
with signal poles. Illustrations 14, 15 and 16 show 
methods of arranging signals on bridges. 





Figure 14. 



Figure 15. 




Figure 16. 

In the following pages are shown symbols adopted 
by the Signal Section of the American Railway Associ- 
ation. These indicate the way to illustrate various signal 
layouts and conditions upon plans and maps. 
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SIGNAL SYMBOLS 

pi3 Special- 3 PosrriOK Nom-Automatic , to 45 . 

|e24 Semi -Automatic Stick , 45 to 90 . 




Special- 3 Position Non- Automatic, Oto45. 
E25 Semi- Automatic Non- Stick, 45 to 90. 



Absolute Stop Signal. 



ti 



Distant Signal, 



Permissive Stop Signal. 




Train Order Signal. 



Ends of blades in symbols are to be of the actual forms used by the 

ROAD CONCERNED. If NOT SPECIFIED THE ABOVE FORMS WILL BE USED ON PLANS. 



I-- — 



I- 



j] Fixed Arm. 



-f — 



v.. A ^^^^ 9"A0RANT Signal. 



I — 



f-- 



"] Lower Quadrant Signal. 



.»- — 
!0 

i 
4 



1 Vertical 



"I Staggered 



Marker Lights. 



o; 
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RELAYS, INDICATORS AND LOCKS 






: • • • 



T--r -T--f 



II II 

II II 



! ;T 



J 



I I 
I I 



7 



t 




T--T 
I I 
I i 




VST 




T--r 



D.C. Electro Magnet. 



A. C. Electro Magnet. 



Coil Energized or De-energized . 



i— L| Neutral Front Contact - Closed or Open. 



Neutral Back Contact - Closed or Open . 



Polarized Armature - With Contacts. 



3 -Position Armature - With Contacts. 



High Current Contact* 



Magnetic Blow-out Contact. 



Bell Attachment. 

f — r 

im Double Winding -Specify if Differential. 



Slow Acting • 
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SIGNAL CIRCUIT CONTROLLERS 

UPPER QUADRANT. LOWER QUADRANT 

3 -Position' Signals* 




Closed at Only. 






Closed at 45 Only. 




Closed at 90 Only. 




o o 

Closed to 45 





Closed 45 to 90^ 



60 -70^ OR 75 Signals. 



Closed at O Only. 







Closed in Clear 
Position Only. 
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RELEASES 




Manual Time Release 
(electric) 




Manual Time Release . 
(electro-mechan'l.) 




Automatic Time Release, 
(electric) 




Emergency Release, 
(electric) 




n 




open. closed. 

Floor Push . Latch contact. Track Instrument Contact. 



55 



THE SIGNALMAN AND HIS WORK 



iU 



-t 



e-e G ^ 



^-e G 



a: 



tn 

H 

s 

o 

H 

CO 

o 

H 
O 



5 ^ 

11 



■e-e 



-I 



-a 



UJ 

o 

Q. 

e y 

ID 

<7) 



LJ 



Hi 
CD 



LU 



^ 



UJ 



[Jj 



UJ 

o 

o 
u 



^3. 

^11 



e — e 



iU UJ 
O in 

^ i 

iiJ CO 

-J 

CD 




5f} 

P 

UJ 
CD 

> 



a: 

UJ 



o 



O 
o 

CD 



C3 



• 






UJ 




o 






1 


lu 


< ^ 


^ »- • 






^ k 


> o 


iU C 


^ UJO 


^ C 


^ s ^ 




> z 5 


UJ X 
— 1 




CD 


1 


LLl 




Q. 


£ 




2 



UJ 

o 

z 



o 

X 



h- 




3 




o 




X 


^ 


> b 


UJ 


:> 2 


flC 


^v 


o 


^ 


o 


:> UJ 




■^ o 


z 


■^ z 

< 


o 


o 




UJ 




O. 





56 



SIGNAL ASPECTS AND INDICATIONS 



CO 

H 

iz: 

H 

CO 

iz: 
< 

H 
U 



u> 



2 
a: 

o 



!3 

i 

a: 

LU 

o 




+1 



rl 



LiJ 



o 

UJ 




cr 
o 




o 



I/) 



UJ 



to 

5 </) 

-J 

CO -J 
1j ^ 

LU iu, 

o o 

LU 




<s> 



o^ I 

iiJ 

CD 

o 



: < 

^^ UJ 
in 



UJ 

O 











o 










h- 










UJ 


« 








to 
o 










a. 


>- 








iO 


cr 








•• 


LU 


•» 


•s 


• 


</> 


H 


9* 


•s 


•s- 


UJ 


!5 

CO 


> 


X 
to 


UJ 

o 


-1 




> 


< 


q: 


< 


>- 


< 


H 


o 


X 


oc 


QC 


o 


H 


LU 


o 


CD 


CL 


to 




11 


II 


II 


11 




o 


CD 


O. 


oi 





q: 






01 



THE SIGNALMAN AND HIS WORK 



ELECTRICAL INSTRUMENTS 







A.C. Generator, D.C.-D.C. Motor- A.C.-D.C. Motor- 

Generator. Generator.. 




v>— — (w)— 




Voltmeter. Wattmeter. Telephone. 



— o— / ® 

I Single. Double. 

Incandescent Lamp. Lichtning Arrester. Terminals. 



-J L- 1 



Wires Cross. Wires Join. Ground. 



" Common " Wire . Other than " Common" Wire . 



Track Circuit Wire. Direction of Current, 
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MECHANICAL INTERLOCKING 

































PIPE- LINE. 
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J) WHEEL. 
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l-WAY CRANK.' 






^4.-WAY CRANK. 
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VERTICAL CRANKS . 




12 3 6 7 8 

VERTICAL DEFLECTIN6 BARS. 
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MECHANICAL INTERLOCKING 
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SIGNAL ASPECTS AND INDICATIONS 

When plans or layouts of block signals or interlocking 
signals are made upon standard drawings, the standard 
symbols shown are used to cover all the different types 
of signal apparatus. 

As signalmen are required to read these plans, it is 
necessary for them to know, and, if possible, to know 
at glance, just what each symbol means. 
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CHAPTER IV 

THE TRACK CIRCUIT 

PRACTICALLY all the automatic block signaling 
in this country is operated through the track cir- 
cuit, which is built upon a very simple principle, but 
yet is responsible for the present high development of 
the art of signaling. 

The purpose of the track circuit and track relay is 
to open and close signal or other circuits, the latter 
having much greater strength. 
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ntulttptit 

Figure 17 — Unoccupied Track Circuit. 

Definition — The track circuit consists of a section 
of track insulated at both ends from adjoining sections. 
The two track rails are utilized as the conductors for 
the current, and, with the track unoccupied, current 
flows from the positive side of the battery through 
one rail, then through the track relay and through the 
opposite rail, and then back to the battery, as indicated 
by arrows in the illustration. 

Operation of Track Circuit — Anything which takes 
current away from the track relay allows the coils of 
the track relay to become de-energized and the pole 
pieces to become de-magnetized, and the relay arma- 
ture then drops. 
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A train in a block "shunts" current away from the 
track relay. The current leaves the positive side of 
the battery, goes as far as the train, and then, instead 
of going on through the track circuit, tollows the 
relatively low resistance through the wheels and axles 



-Tt 




■>-t4 



-^— t 



ft 



.-/f 



^ 







B 



^-Jr' 



Figure 18 — ^Train Moving Toward Batteiy. 



of the train to the opposite rail, when it flows back 
to the battery. The wheels and axles of the train 
provide a much easier path for the current than the 
wire used in the relay coils. Therefore practically all 
the current will be drawn away from the relay, which 
as a result will become de-energized; and the arma- 
ture will then be permitted to drop away from its con- 
tact, thus breaking the signal circuit. 



^ 



w* 




^* 



/f-Cl^p 




Figure 19 — ^Train Moving Away from Battery. 

Figures 18 and 19 show that the relay is deprived 
of current irrespective of at which end of the circuit 
the battery is located. Figure 18 shows the train 
going towards the battery, while Figure 19 shows 
the train going away from the battery. The effects 
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are the same. The relay is deprived of current in 
either case. 

When the track is unoccupied by a train and is 
maintained in good condition, there will be a constant 
current flowing through the track relay. Thus there 
is a constant discharge of electricity and exhaustion 
of the battery whether or not the track is unoccupied 
by a train. 

The coils of the track relay oifer a relatively high 
resistance to the current, and therefore restrict its 
flow. When a train is in the block, the track battery 
is on closed circuit, and the discharge of current is 
higher because the resistance in the track circuit is 
greatly lowered, the high resistance of the relay coils 
being cut out and the low resistance of the wheels and 
axles substituted. 

Track Circuit Current — To prevent an excessive 
waste of current through the track circuit, a, current 
of low voltage is used. This means, however, that to 
transmit a given amount of energy a higher current 
must flow. Resistance to this flow means loss of 
power, and for this reason the rails and bonding of the 
track circuit must be as good conductors as possible. 

There would be enough gaps in the track rail at the 
ordinary rail joint to stop the flow of the low voltage 
current used for track circuits. In order, then, to 
make the track circuit operate with this low voltage 
current, it is necessary to connect the ends of adjacent 
rails with bond wires, which give a much better con- 
tact than could be obtained through the rail joints. 

Besides saving electric current when there are re- 
stricted leakage losses, the low voltage used in track 
circuits is of advantage in detecting broken rails. The 
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smaller the break necessary to prevent the flow of 
<:urrent, the more likely are small cracks in the rail to 
be discovered. Without the circuit being sensitive, 
leakage through the earth around the break might 
cause the relay to be energized. 

Advantage of Xrow Voltage for Track Circuits — As 
indicated above, the principle upon which the track 
circuit works is the principle that an electric current 
will follow the path of least resistance. The wheels 
and axles of a single car or a complete train offer a 
very low resistance to a track current, and the cur- 
rent for this reason will follow this path and return 
to the battery. In every case this deprives the relay 
coils of current and allows the armature to drop and 
the signal to fall by gravity to the "stop" position. 
The resistance of track relays is usually 1.0, 4.0, 9.0 
or 16.0 ohms, the latter for short track circuits at 
interlocking plants. The resistance of the wheels and 
axles of a car or train is exceedingly small as com- 
pared with the lowest of these, being somewhere in 
the neighborhood of one one-thousandth ohm. 

It will be realized that the track circuit continues 
to indicate the presence of a train as long as a single 
pair of wheels remain upon the track section. It is 
in this way that track circuit control is so different 
from the forms of signal control which preceded it. 
With other types of control, the presence of a train 
was indicated only as it passed a single point, no fur- 
ther indication being given by the train itself until it 
passed the next control point. 

Track Circuit Leakage — There is another reason a 
low voltage for track circuits is of advantage, and 
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that is that the insulation from rail to rail does not 
have to be as perfect as it would have to be if the volt- 
age were high. Wood is considered to be a good 
insulator; yet when it is wet its insulating capacity- 
is greatly reduced. There is some leakage from rail 
to rail through the ties of some track circuits, and 
where ties have been zinc treated, this leakage has 
sometimes become serious. The track ballast should 
be kept below the base of the rails to prevent current 
loss through it. 

From these statements it is seen that the track cir- 
cuit has very definite limitations. Its voltage cannot 
be materially increased without increasing the waste 
of current and the danger of shorts. On the other 
hand, the voltage cannot be decreased to the point 
where the current will not be strong enough to pick 
up the relay armature. 

It will, of course, be realized that with any given 
voltage there is a limit to the length of the track 
through which current can be forced. Leakage of 
current through ballast or ties also limits the length 
of track circuits. Figure 20 shows a track circuit cut 
into two sections because it is too long to be operated 
by an ordinary track circuit current. The cut section 
is a method of getting around this difficulty without 
increasing the voltage of the track circuit and with- 
out spacing signals closer together. 

The operation of track circuits has been greatly 
improved by the use of R. S. A. standard 500 A. H. 
potash cells with limiting resistance units and low- 
resistance relays — 1.9 or 2.0 ohms. 

The Track Relay — Relays have been used for many 
years in the telegraph department, and the track relay 
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is based upon the same principle as is the telegraph 
relay. Basically, the relay consists of an electro mag- 
net and an armature. When a track circuit current is 
flowing through the coil of the electro magnet, the 
armature is attracted (raised) to the contacts. When 
the electro magnet is deprived of the track circuit 
current, the coil will be de-magnetized and the arma- 
ture will be released and drop, the attraction having 
been removed. 

Relays of many kinds have been developed in sig- 
naling, but they are all based upon the simple princi- 
ple of the attraction of an electro magnet or upon the 
electrical forces set up by an electro magnet, no mat- 
ter how complicated their design and functions may 
be. 

The track circuit and its relay are used for con- 
trolling signals and other circuits, and the latter also 
function in the control of the signals. While the volt- 
age o{ the track circuit is small, the voltage of any 
current which the armature of the track relay may 
open or close may be a good deal higher. 

In Figure 20, a signal would be located at the right 
end of the drawing and another at the far left end, 
but none in the center. This makes it possible to put 
in two standard track circuits with the same number 
of battery cells and the same voltage as used in other 
track circuits, without placing the signals closer to- 
gether. 

Figures 21 and 22 illustrate clearly the action of the 
track relays on one of these cut sections, with a train 
in either one of the sections. In Figure 21, the track 
circuit at the right is not disturbed by the train at ^ 
the left; but the relay at the extreme left is deprived 
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of current, thus permitting the signal at the extreme 
left to assume the "stop" position. 

When a train has gone further and is entirely within 
the track section at the right, as in Figure 22, the 
track relay at the center is deprived of current, which 
allows its armature to drop. When this armature 
drops, the circuit at the left is also deprived of cur- 
rent because of a gap which has resulted in the cir- 
cuit at P-2. 

In the closed track circuits which we have shown, 
it is clear that a defect in the circuits will cause the 
signal to display the "stop" indication except in un- 
usual conditions. This means that broken battery fail- 
ures, either from exhaustion or from breakage, discon- 
nected wires, crossed wires, poor connections, defec- 
tive insulated joints, or a considerable decrease in 
the resistanqe of the ballast or ties, will produce the 
same effect upon a track relay as a train, because the 
track relay will not have sufficient current flowing 
through its coils to hold up the armature. And when 
any of these failures causes the track relay armature 
to drop, the signal assumes the "stop" position. 

It is probable that every man who reads this knows 
the reason the track circuit and the track battery are 
not used actually to move the signals. As before 
explained, the electro motive force of the track bat- 
tery must be kept low in order to give the greatest 
degree of safety and to prevent excessive waste of 
current. A higher electro motive force is necessary 
for operating signals and other units, and this is pro- 
vided by a signal battery whose circuits are controlled 
by the track relay. 
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Single-Rsdl Track Circuits — Single-rail track cir- 
cuits are so called because only one rail need be insu- 
lated at the ends of the track section. There are but 
two insulated joints for each track circuit instead of 
four, as required in the two-rail track circuit. 

Single-rail circuits are not used extensively in D. C. 
installations for the simple reason that, while they 
reduce the cost somewhat, they also reduce the relia- 
bility of the signal indications. In case a single insu- 
lated joint breaks down, the current from one track 
circuit can penetrate to the next and interfere with 
the operation of the signal in that section. 

Furthermore, detection of broken rails cannot be 
depended ' upon, because when a rail breaks in the 
common rail side, enough current might pass through 
a crossover to the opposite track, through the com- 
mon rail of that track to another crossover and then 
back to the battery, having traveled all the way 
around a break by the crossover through a parallel 
track. 

This latter failure, while it requires a combination 
of conditions which would not occur often, is to some 
extent a false clear failure, which all signalmen know 
should be avoided. 

The only extensive use of single-rail track circuits 
is in alternating current installations where their 
maximum length is about 1,500 feet. 

Polarized Track Circuits — The attraction of a mag- 
netized substance by a positive current and the repul- 
sion of the same substance by a negative current have 
been taken advantage of in signaling through the 
development of the polarized relay, in which the 
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polarized armature moves one way when the current 
is passing through the relay coil in one direction, and 
in the opposite way when the direction of the cur- 
rent in the coil is reversed. 

With a polarized relay, the track circuit can be 
made to operate a signal to one indication •when the 
current is positive and to another indication when 
the current is negative. 

The use of polarized track circuits makes it pos- 
sible to save a considerable length of line wire in the 
control of distant signals. The movement of the home 
signal blade operates a pole changer. In one position 
the pole changer causes the current to go through the 
track circuit in one direction, and in its other position 

it reverses the direction of the current. 
r 
Polarized Relay — ^The polarized relay is constructed 

like the ordinary track relay, but has a polarized arma- 
ture which is attracted to one of the poles, depending 
upon the direction in which the current is flowing. 

All polarized relays have a neutral as well as a 
polarized armature, and control circuits are broken 
through both neutral and polarized contacts. 

The ordinary or neutral armature is attracted to 
the coil and always moves in the same direction when 
there is current in the relay, irrespective of the direc- 
tion in which the current is flowing. The polarized 
armature, howevei*, moves in one direction (to the 
right, for instance) when the current is flowing in one 
direction, and moves in the opposite direction (to the 
left) when the direction of the current is reversed. 

As shown in Figure 24, when the signal arm is in 
the "proceed" position, the polarized armature will 
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take the position shown and will thus close the cir- 
cuits of the distant signal, allowing it also to assume 
the "proceed" position. The arrows indicate the direc- 
tion of the current. 

When the pole changer is in the position shown in 
Figure 25, the polarized armature will be reversed 




Pole Chonqer. 




Figure 24 — Polarized Track Circuit 

and will thus break the distant signal circuit (at X) 
and allow the signal to come to the "stop" position. 
It should be understood that, while shown at the 
battery in Figure 25, the pole changer is located on 
the home signal at "Y," and operates the track circuit 
at "X." This is how the polarized track circuit is 
used to control the position of the distant indication 





I. : « 



Figure 25 — Polarized Track Circuit — Current Reversed. 

without line wires from the home signal to the dis- 
tant signal. 

In the absence of a current, the polarized armature 
is retained in one position. ' In order to reverse the 
position of the polarized armature, therefore, it is 
evident that there must be no train in the block, for 
current otherwise will be shorted out of the relay. 
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Hence the position of the polarized armature will not 
be reversed when a train is in the block, even though 
the pole changer is reversed; but this is not of any 
consequence, since all circuits for the signal are 
broken through neutral contacts which will be open 
with a train in the block. 




Figure 26 — Cut Section Polarized Track Circuit. 

Polarized track circuits may be cut into two sec- 
tions similar to the ordinary track circuit. A circuit 
of this kind is illustrated in Figures 26 and 27. The 
arrows show the direction of the current, with the 
pole changers first in one position and then changed 
to the other. It will be noted that the direction of 



B 






Figure 27 — Cut Section Polarized Track Circuit — Current Reverted. 

« 

the current changes in both circuits "A" and "B" 
when the pole changer reverses. 

Another method used for changing the polarity or 
direction of the current is to have two sets of bat- 
teries connected up to the circuit in such a way that 
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when the current is flowing from one battery, it is 
in one direction in the track circuit, and when it is 
flowing from the other battery, it is in the opposite 
direction. When the signal is in one position, the cir- 
cuit controller connects up one set of battery, and 
when the signal changes its position, it connects up 
another set of battery. 

Und'er this arrangement, one battery is always on 
open circuit ; and in this way these batteries get some 
rest, which in the case of primary batteries is very 
desirable. This arrangement is somewhat more cx- 
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Figure 2t. 

pensive than the one where the connection of the same 
batteries is reversed. 

Special Track Circuits — Sometimes it is necessary, 
or at least desirable, to extend the indication of one 
relay over a length of track which is controlled by 
another relay. In this case a circuit is used similar 
to Figure 28. One battery can supply this circuit, 
which is looped around an insulated joint in the mid- 
dle and through the track relay. When the train is 
between the two relays, as indicated at "C," relay "A" 
is de-energized, but relay *'B" remains energized, be- 
cause the current continues to pass through relay "B" 
until it goes through the- wheels and axles of the 
train. When, however, the train gets to position "D," 
both relays will be de-energized, and thus relay "A" 
will indicate the same as relay "B." 
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The reason for winding relay "B" with lower resist- 
ance (4 ohms) than relay "A" (9 ohms) is that it is 
nearer the battery and is subjected to less current loss 
than is relay "A." 

Normally Open Track Circuit — ^The rules of * the 
A. R. A. and other associations do not permit open 
circuits, the reasons for which are obvious. 

Track Circuits and Switches — The carrying of track 
circuits through switches of course requires some spe- 
cial arrangements; otherwise the circuits would be 
shorted from rail to rail and also might penetrate to 
other circuits and operate them. 

There are, in general, two methods of wiring* 
switches — series wiring and shunt wiring. In the 
method of wiring used on the Chicago & North West- 
ern (Figure 29), the idea is to put all the rails pos- 
sible into series and thus increase the broken rail pro- 
tection afforded by the track circuit. Other arrange- 
ments of insulating sidings and crossovers are shown 
in Figures 30 and 31. 

Figures 32 and 33 illustrate protection for switches 
in main lines and derails on sidings. In one case the 
siding rails are in shunt, and in the other th^y are 
in series. 

Track Circuit Maintenance — Signalmen are quite 
familiar with the more common track circuit troubles, 
which include battery and relay troubles, defective 
connections, defective insulated joints, excessive bal- 
last or tie leakage, and a large number of other un- 
usual and rare cases — such as, for instance, one which 
we saw recently marked: "Sleigh driven across the 
track at crossing." Foreign current or poor wheel 
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THE TRACK CIRCUIT 



contact are sometimes responsible for false ''clears** 
while a train is in the block section. 

Much of the apparatus and material in the track 
circuit is affected greatly by temperature changes. 
Tightening of the track by expansion may eventually 
cause trouble with the insulated joints, as when the 
track gets so tight that it squeezes the insulation, 
thus allowing current to flow through from one rail 
to another. Sometimes a rail head will be so pounded 
or battered at an insulated joint that it bridges the 
gap. Defects such as these, of course, will be noticed 
when the normal force of maintainers is employed; 
but when working with reduced forces, uncommon 
defects such as these are likely to be overlooked be- 
cause of lack of time for careful inspection. 

Temperature has some effect upon the operation of 
relays. When the temperature of the relay increases, a 
higher voltage is required to pick up the armature, and 
under lower temperature, the armature will pick up 
with lower voltage. Under these circumstances, it is 
evident that a relay is more likely in cold weather 
than in hot weather to fail to release because of an 
imperfect shunt, for a lower voltage will hold the 
relay armature up. 

The greatest variation in track circuit operation, 
especially with low-ballast resistance, is between dry 
and wet weather conditions. 
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CHAPTER V 

SIGNAL SYSTEMS 

N the preceding chapter on track circuits, some 
idea was given of the various types of signaling 
which are used on American railroads. 

The signal circuits necessary to take care of some 
methods of signaling would be simple enough were 
it not for switch circuit controllers, switch indicators, 
etc. 

The definitions of the various signal indications 
mentioned in this chapter are given in Chapter I, so ho 
further description need be given here. 

Two-Position Two-Arm Signals, Wireless — In Fig- 
ure 34 is shown a simple wiring diagram for two- 
position two-arm signals, in which the distant signal 
is controlled through a polarized relay. 

At signal location No. 1, it will be noted, by follow 
ing out the circuits, starting at the positive side o\ 
the battery (the arrows indicate the direction of cur- 
rent flow), that electric circuits are closed through 
both the upper and the lower arms of the signal. With 
these circuits closed, both of the signals will indicate 
**pfoceed." 

The lower arm in signal No. 1 is controlled by the 
direction of the current through the polarized relay; 
and the direction of current is governed by the cir- 
cuit controllers located on the top arm of signal No. 
l. The upper arm of signal No. 2 is in- the ^'proceed*' 
position, and therefore the distant signal arm on signal 
No. 1 should be as shown — in the "proceed** position. To 
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find the direction of the polarized circuit current, we start 
at the positive terminal of the track battery near signal 
No. 2. The arrows show the direction of the current in 
the track circuit. 

In signal No. 2 we have the upper arm at ''proceed," 
indicating that one block in advance is clear, and the 
lower arm in the horizontal position, indicating that 
home signal No. 3 in advance is at "stop." Under 
these conditions, the upper arm of signal No. 2 will 
be on closed circuit, but the lower arm will be on 
open circuit and will thus be allowed to assume the 
horizontal position. By following the arrows on the 
signal circuits at signal No. 2, it is easy to see that the 
top arm is getting current, but that the lower arm is 
disconnected from the battery by polarized armature 
"P-2" and is therefore not getting current. Since the 
lower arm of signal No. 2 is in the horizontal position 
and the lower arm of signal No. 1 is in the "proceed" 
position, we would naturally expect to find that the 
current in the track circuit governing signal No. 2 
and in the track circuit governing signal No. 1 is 
flowing in reverse directions. 

The circuit controllers located on signal No. 3 govern 
the indication of the lower arm of signal No. 2 ; and by 
starting at the battery at signal No. 3 and following the 
direction of the current by the arrows; we discover that 
the current is flowing in the opposite direction from 
that in signal No. 1. Also note that the direction of the 
circuit controller at No. 3 is the reverse of that at No. 
2. This should make the position of polarized arm- 
ature •*T-2" directly opposite that of polarized 
armature "P-1" of signal No. 1. Reference to the dia- 
gram will show that this is the case, *T-2" being de- 
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fleeted to the right, having broken contact, and "P-1" 
being deflected to the left, having made contact. 

Two-Position Two- Arm Signals, Line Wire — Figure 
35 shows two-position two-arm signals similar to 
those in Figure 34, except that in these the distant 
signal is controlled through a line wire. It will also 
be noted that there are three line wires in Figure 35, 
whereas there are only two in Figure 34. 

By following the arrows at signal location No. 1 in 
Figure 35, it will be seen that the signal circuit for 
the top arm is closed, this arm thus being allowed to 
assume the ''proceed" indication. 

To follow the circuit controlling the lower arm of 
signal No. 1, we run along the line wire to the loca- 
tion of signal No. 2; and we find that the circuit is 
closed from the battery at signal No. 2 and that cur- 
rent is passing through the line wire, as indicated by 
the arrows. This circuit runs through the lower arm 
of the signal and from there through the lower arma- 
ture of the track relay, and finally through the "com- 
mon" wire, returning through this to the battery at 
signal location No. 2. 

The distant or lower arm of signal No. 2 is in the 
horizontal position, while the lower arm of signal No. 
1 is in the "proceed" position. But it will be noted 
that the direction of the current in the track circuit 
is the same in both of them ; whereas in the polarized 
system shown in Figure 34, the current in track cir- 
cuits No. 1 and No. 2 is flowing in opposite directions. 

In signal No. 2 of Figure 35 we observe that the 
upper arm is in the "proceed" position, but that the 
lower arm is in the horizontal position. Therefore 
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we may expect to discover that the circuit through 
the lower arm is broken and that the circuit through 
the upper arm is closed, the signal thus having been 
permitted to operate to the "proceed" position. To 
check this up, start at the battery and follow the ar- 
rows. We can determine the condition of the cir- 
cuits in the lower arm by following the line wire. 
Start at the signal battery at signal No. 3, remember- 
ing that the position of the upper blade of signal No. 
3 governs the indication of the lower blade in signal 
No. 2. 

At signal location No. 3 we find that the line wire 
is cut off from current from the battery by a break in 
the circuit, the track relay being open. The lower arm 
of signal No. 2 therefore operates to the "stop" position 
because it is deprived of current. 

At signal location No. 3, both signal arms are at 
''stop," and hence both signal arm circuits should be 
open, with no current flowing through them. 

We can easily see that this is the case by looking 
at the top contact of the track relay at signal No. 3, 
through which all current from the battery must pass. 
Since the armature has dropped away and broken the 
front contact, no current can pass to either signal 
arm. Being deprived of current, both signal arms 
will assume the "stop" position, as shown. 

Home and Distant on Separate Poles, Wireless — 
Figure 36 shows an installation of home and distant 
signals on separate poles, the signals operating in two 
positions in the lower quadrant, with polarized con- 
trol of the distant ihdication. 

In signal No. 1 the distant signal is at the "proceed" 
indication, so we would expect to find all signal cir- 
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cuits closed at this point. If we follow the arrows, 
starting at the battery, we will discover that this is 
the case. The signal current goes through the closed 
polarized armature contact of the relay, then up 
through the closed neutral armature contact to the 
signal, and then back through a second neutral arma- 
ture contact into the battery. The signal circuit will 
be broken either by the dropping of the neutral arma- 
ture or by the moving of the polarized armature to- 
ward the right. That is, the signal circuit will be 
broken by a lack of current or by a reversal of cur- 
rent in the track circuit. 

In signal No. 2 we have a home signal in the "clear** 
position, which indicates that the signal circuit at this 
signal is closed. It will be observed that there is no 
polarized armature at this home signal, its indication 
being controlled by the action of distant signal No. 
3. To check this control, start at the track battery (at 
signal No. 3) and follow the arrows. We find a closed 
circuit through the track, current passing from the 
battery through the front contact of the track relay 
at signal No. 3, through the track circuit at signal 
No. 2, through the track relay at signal No. 2, and 
back through the track rails to the battery. 

We note in this layout that although distant signal 
No. 3 is in the *'stop" position, it has not broken track 
circuit for signal No. 2, a home signal, and allowed it 
to operate to the "stop" position. The reason for this 
is that no train is in track circuit No. 3, the train, 
being in track circuit No. 4. Therefore signal No. 3 
should be at "stop" and home signal No. 2 should in- 
dicate "proceed,'* as the train is in the second block in 
advance of the home signal. 
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No. 4 is a home signal at "stop," indicating that the 
signal circuit is broken. We see that this signal cir- 
cuit is made or broken by the front contact of the 
track relay; and as this front contact is open, the 
passage of current is prevented. 

Home and Distant on Separate Poles, Line Wire — 
Figure 37 shows lower-quadrant two-position signals, 
home and distant signals on separate masts, the 
distant indication control of which is through a line 
wire. We also find something we have not run across 
before in our study: that is, we find that the signal 
battery at signal No. 2 furnishes the current which 
operates signal No. 1. This can be done economically 
through a line wire in a direct current installation 
where the signals are close together. To trace the 
circuit which is holding signal No. 1 in the "proceed" 
position, we start at the battery at signal No. 2 and 
follow the arrows. We thus discover that the circuit 
is complete through the circuit breaker on the signal, 
through the line wire, through the closed front con- 
tact of the track relay, through the signal^ and back , 
to the battery at signal No. 2 through a return line 
wfre. 

Signal No. 2 is in the "proceed" position also, and 
therefore we would expect to find the circuits at this 
signal closed too. In checking this up, we find that 
the current passes through the closed front contact 
of the track relay at signal No. 2 to the signal, and 
then back through another closed front contact of the 
relay to the battery. 

As signal No. 3, a distant signal, is in the "stop" 
position, we look for a broken circuit. Signal No. 3, 
like signal No. 1, obtains its current from battery at 
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the home signal in advance — in this case from signal 
No. 4. In tracing the circuit from the battery at 
signal No. 4 through the line wire and back to signal 
No. 3, we discover a break at circuit controller "C-4/* 
which cuts off all the energy from the line wire and 
allows signal No. 3 to operate to the "stop" posi- 
tion. 

It will be noted at signal No. 3, however, that the 
track circuit is completed, and that .therefore the 
signal would assume the "clear" position if it were 
not prevented from so doing by the distant control 
from signal No. 4. In order that signal No. 3 may 
operate to "proceed," both the track circuit and the 
distant (line wire) circuit must be closed. 

Two-Position Signals with Overlap, Polarized' — la 

Figure 38 we find that signal No. 1 is at the "proceed" 
indication. This would seem to point to a closed 
signal circuit, which we find in following the arrows. 
We start from the battery and go through the closed 
front contact of the track relay to the signal,' and 
then back through another closed front contact of the 
relay to the battery. This track circuit (1-B) is not 
polarized. 

The distant indication of signal No. 1 is controlled 
through the track circuit, which is opened or closed 
by a contact of the relay at signal No. 2, Starting at 
the track battery at signal No. 2 and following the 
arrows, we trace this circuit through the front contact 
of the track relay at signal No. 2, through track cir- 
cuit "1-B," through relay "l-B," and back through the 
opposite track rail to the battery. As the relay at 
"1-B" is energized, current from the track battery 
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at "1-B" is allowed to go through the circuit to the 
track rails, then through the rails to the relay at "l-A," 
and then through the closed front contact of the track 
relay at "1-B" back to the battery. Thus both track 
circuit "1-A" and track circuit *'1-B" are closed and 
signal No. 1 indicates "proceed/' The breaking of 
track circuit "1-A" causes the armature at "1-A" to 
break the signal circuit; and the breaking of track 
circuit **1-B" allows the relay at "1-B" to open, which 
breaks circuit **1-A" end opens the relay at "1-A," thus 
causing the signal to indicate '*stop." 

Signal No. 2 is at the "stop" indication, and there- 
fore we would expect to find the circuit through this 
signal broken or open. Starting at the battery on the 
circuit for signal No. 2, we note that the polarized 
armature through which current must pass has moved 
to the right and has broken contact, current thus being 
prevented from passing through the signal. 

It will be observed that the circuit breakers at both 
"C-2" and "C-3" are open. The reason for this is 
that signals No. 2 and No. 3 are both in the "stop" 
position, which in either instance prevents the current 
from the signal in advance from operating the signal 
in the rear to the "caution" or "clear" position, as the 
case may be. 

In signal No. 1 the distant signal circuit is broken; 
and if the signal were controlled entirely by this cir- 
cuit, it would be at the "stop" indication. Signal No 
1, however, is held in the "proceed" position by the 
closed track circuit. Both the distant signal circuit 
and the track circuit at signal No. 1 must be broken at 
the same time if the signal is to show the "stop" in- 
dication. 
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Referring to the relay controlled by circuit "2-B," 
we note that this circuit may be opened either by a 
train on "2-B" or through relay "3-A" by a train on 
circuit "3-B." Relay "3-A" as well as relay ''2-B'' 
being open indicates that the train is in circuit "3-A." 
A train at circuit *'3-A" thus sets signal No. 2, the sec- 
ond opposing signal ahead, at "stop." 

If track circuit "2-B" were closed, the contacts of 
relay "2-B" would be raised, and this would change 
the direction of the current in track circuit "2-A." 

By breaking the signal circuit through polarized 
contact "B-2," signal No. 2 is thus allowed to operate 
to its "stop" position. This cuts off all circuit from the 
signal, even though the neutral contacts of the relays 
are closed. 

The train in track circuit "3-A" operates opposing 
signal No. 3 and also signal No. 2 to the "stop" posi- 
tion and thus gives the desired overlap protection. 

Two-Position Signals with Overlap, Line Wire- 
Figure 39 shows two-position lower-quadrant auto- 
matic signals with overlap and distant indication con- 
trolled by line wire. 

Signal No. 1 is in the "proceed" position and there- 
fore its signal circuit should be closed. Since this is 
the case, the current is passing through the closed 
contact of the track relay to the signal, and through 
another closed contact of the relay back to the battery. 

As signal No. 2 is at the "stop" indication, we would 
expect to find its circuit broken. We discover that 
it is broken at relay "2-B," in the cut section where 
the signal battery is located. The control of track re- 
lay "2-B" is through track circuit "2-B," which in turn 

102 



SIGNAL SYSTEMS 



is controlled either by a train or by relay "3-B"— 
shown open. When relay "3-B" is open, it indicates 
that there is a train oh track circuit "3-A." Signal 
No. 2 is deprived of current by the break in the line 
wire circuit at relay "2-B." 

Signal No. 2 cannot operate to "proceed" unless 
track circuit '*2-A" is closed at the same time the line 
wire circuit from battery at "2-B" is closed. 

Signal No. 3 is also in the "stop" position; and we 
note that track relay No. 3 is not energized and its 
contacts are open, which would indicate that a train 
is on track circuit "3-A." When the front contact of 
relay No. 3 drops, it breaks track circuit "2-B." Re- 
lay "2-B" being deprived of current, its armature 
drops and breaks contact "2-B," this in turn breaking 
the line circuit through signal No. 2. Thus the train 
to the right of signal No. 3 will throw both signals 
No. 3 and No. 2 to the "stop" position and give over- 
lap protection against opposing trains. 

Three-Position Signals, Wireless — Figure 40 illus- 
trates a three-position upper-quadrant signal system 
in which the distant indication is obtained through the 
operation of a polarized relay. 

Signal No. 1 is shown in the "clear" position, which 
would indicate that all signal circuits governing this 
signal are closed. By following the arrows, starting 
at the battery at signal No. 1, we find that this circuit, 
which is the circuit governing the "stop" indication, 
is closed, the current leaving the positive side of the 
battery and going through the closed front contact of 
the track relay to the signal, and back through a 
second closed front contact of, the track relay to the 
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battery. This circuit being closed, the sigtial blade is 
allowed to operate from the "stop" position to the 45 
degree or "caution*' position. 

Polarized contact "P-l" is closed, for it is deflected 
to the left against its contact; and this closes the 
"caution" signal circuit, as shown by the arrows, the 
current leaving the positive side of the battery and 
going through the closed front contact of the track 
relay, then down through the closed polarized contact 
to the signal, and then back through a second closed 
front contact of the track relay to the battery. Since 
both the signal circuits (that governing the "stop" 
indication and that governing the "caution" indica- 
tion) go through a front contact of the track relay, a 
train in the home track circuit will break both signal 
circuits. A train in track circuit No. 2 will open 
polarized contact "P-1" and break only the signal cir- 
cuit governfng the "caution" indication. 

Signal No. 2 being in the "caution" position, we 
would expect to find the home signal circuit closed and 
the distant signal circuit broken. We note that this 
is the case by following the arrows; arid we also dis- 
cover that the distant or "caution" signal circuit is 
broken, for the polarized contact is deflected to the 
right, away from its contact point. 

Observe the arrows on track circuits No. 1 and No. 
2, which show that the direction of the current in 
track circuit No. 1 is opposite to the direction of the 
current in track circuit No. 2. This difference in direc- 
tion is accounted for by the fact that the position of the 
circuit controller on signal No. 3, governing the direction 
of the track circuit, is the reverse of that of the circuit 
controller on signal No. 2. 
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Signal No. 3 is in the "stop" position, and this would 
indicate that both the home signal circuit governing 
the "stop" indication and the distant or "caution" 
signal circuit governing the "caution" indication are 
broken. Both these circuits are broken because both 
the front contacts of the track circuit relay are broken, 
which cuts off all current from the signal battery. 

Three-Position Signals, Line Wire — Figure 41 illus- 
trates a three-position upper-quadrant signal system 
in which the distant signal control is given through 
line wire. 

As signal No. 1 is in the "clear" position, all the 
signal circuits should be closed. We find this to be 
the case, the current for the "stop" indication leaving 
the signal battery and going through a front contact of 
the track relay to the signal, and back through a 
second closed front contact of the track relay to the 
battery. 

The current for the distant or "caution" indication 
starts from the signal battery at signal No. 2 and goes 
through the closed circuit breaker on signal No. 2, 
through the line wire to signal No. 1, through a closed 
front contact of the track circuit relay and through 
relay "1-B," thus energizing relay "1-B" and closing 
the front contacts of relay "1-B." Another circuit at 
signal No. 1 — ^the "caution" or distant signal indica- 
tion circuit — is thus closed. This circuit leaves the 
positive side of the battery and goes through the 
closed front contact of track relay "1-A," then down 
through the closed front contact of relay "1-B" to the 
signal, and then back through a second closed front 
contact of relay "1-A" to the battery. 

Signal No. 2 being in the "caution" position, it 
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would indicate that the circuit governing the "stop" 
indication is closed. The arrows show that that is so, 
the current leaving the positive side of the battery 
and going through the closed front contact of the 
track circuit relay to the signal, and back through a 
second closed front contact of the track relay to the 
battery. This circuit is in the same condition as the 
signal circuit governing the "stop" indication at signal 
No. 1. 

In checking up the distant signal circuit which 
governs the "caution" indication of signal No. 2, we 
start at the signal battery at signal No. 3 ; but we dis- 
cover that this circuit is broken by the circuit breaker 
on signal No. 3, so that no current can get to the line 
control wire running to signal No. 2. This allows the 
armature of relay "2-B" to drop, because relay "2-B" 
is deprived of current through the line wire; and the 
signal circuit from the battery at signal No. 2, which 
formerly went through the closed front contacts of 
relay "2-B," is thus broken. 

Signal No. 3 is in the "stop" position, and there- 
fore both the local signal circuits at signal No. 3 
should be broken. We find this to be the case, since 
both the track relay front contacts and also the front 
contacts of relay "3-B" are broken. The signal is thus 
deprived of current through either of its two signal 
circuits. 

These various signal systems are given in their 
simplest form in this chapter to ^fford a general idea 
only of the principles underlying signals as used today 
on American railroads. There are many modifica- 
tions and additions to these systems, due to cross- 
overs, highway crossing signals, interlocking plants, 
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etc.; but if the general plan of following out each 
separate circuit is pursued, it is possible to read very 
complicated plans. 

The above descriptions apply mainly to double- 
track signal systems, although the overlap scheme 
shown has been used upon single-track lines. 

The several classifications of double-track signaling 
are as follows : 

(a) Two or three position. 

(b) Upper or lower quadrant. 

(c) Polarized or neutral track relays (D. C). 

(d) Two or three-position track relays (A. C). 

(e) A. C. or D. C. system. 

(f) Steam or electric traction. 

Absolute Permissive Block Signaling — Prior to the 
development of the A. P. B. signal system, single-track 
signaling was not highly considered, for in order to 
provide adequate safety for opposing movements, 
there was a considerable loss in facility for following 
movements. In other words, all that could be secured 
from the old systems was safety. The requisites worked 
out in the A. P. B. system are (1) absolute protection 
between passing sidings for opposing movements, and 
(2) permissive signaling, as on double track for follow- 
ing movements. 

An absolute signal is distinguished by — 

(1) Square-end blade — red or yellow. 

(2) White or black vertical stripe, respectively, for 
red or yellow blade. 

(3) Vertical marker light. 

A permissiye signal is distinguished by — 
(1) Pointed-end blade — red or yellow. 
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(2) White or black diagonal stripe, respectively, 
for red or yellow blade. 

(3) Staggered marker light. 

The simplest protection against head-on collisions 
on single track is the opposing overlap, in which the 
control of the signal is carried beyond the next signal 
in advance, as in Figures 38 and 39. As soon as a 
train reaches the insulated joints at the left of Figure 
38, it will operate signal No. 1 to the "stop" position. 
Likewise, when a train coming from the right in Fig- 
ure 38 passes the insulated joints at signal No. 3, that 
signal will be operated to the "stop" position. 

The overlap does not enter into the absolute per- 
missive block system, the main idea of which is 
selecting the direction of traffic by means of the stick 
relay circuit. It is not possible, in this system, for 
opposing trains to enter the same block unless one 
train disregards signal indications, and also time-table 
rules and orders. 

In the A. P. B. system, the control arrangement 
is such that the leaving signal at each siding controls 
all the opposing signals up to the next siding. The 
leaving signals at a siding are absolute signals. Un- 
less the leaving signal is at "proceed," or "proceed 
with caution," the engineman is not allowed by rule 
to pass it. He must wait until the signal clears, com- 
municate with the dispatcher, or, after waiting a cer- 
tain time, proceed under protection of the flagman as 
prescribed by rules. 

To explain this more in detail, we refer to Figure 
"A." When signal No. 2 at the left comes to the 
"stop" indication as a train leaves the siding at "X," 
the control operating through signal No. 2 will set 
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signal No. 3, at the siding in advance, at the "stop" 
indication. This is illustrated by the control line, 
which, it will be noted, runs from signal No. 2 up past 
the insulated joints at No. 3 and thus operates signal 
No. 3. The opposing control of signal No. 3 likewise 
runs up to and through signal No. 2. 




Figure "A". 

When a train leaves siding "X," it operates signal 
No. 2 to the "stop" position and thus protects against 
following trains ; and it also operates signal No. 3 to 
the "stop" position, in this way preventing opposing 
trains from leaving siding "Y." This arrangement 
therefore affords full protection against opposing 
movements. 

It is not necessary in most cases to prevent trains 
from following a train which has left station "X." 
Hence, when a train going from left to right reaches 
signal No. 4, signal No. 2 should operate to the "cau- 
tion" position, in order that a following train need not 
lose time in waiting for the train in advance to move 
on to the next siding. 

This is how the absolute permissive block system 
received its name. It gives absolute or "stop and 
stay" protection against the opposing movements up 
to the next siding, but gives permissive protection 
against following movements. That is, it allows a fol- 
lowing train to operate in the same way as it would in 
the permissive signaling on double or multiple track. 

When signal No. 3 is operated to the "stop" posi- 
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tion by a train leaving siding "X/' signal No. 2 is also 
operated to the "stop" position, as are all other oppos- 
ing intermediate signals such as signal No. 1. Thus, 
if a train should leave siding "Y" by mistake, over- 
looking the "stop" indication at signal No. 3, the train 
would find all signals indicating "stop." 

Therefore, in absolute permissive signaling the con- 
trol of the signal is variable and depends upon the di- 
rection of the traffic. A stick relay, marked "S" in Fig- 
ure "B," is the means for providing this variable 
control. In this diagram, "H" is the control relay for 
the signal, "H" in turn being controlled by the two 
track relays "T," which are connected through track 
circuits "A" and "B." 

Stick relay "S" supplies a medium through which 
the direction of traffic is determined. The relay is 
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"Figure "B". 

energized during the time a train is moving a block in 
one direction, and it is de-energized when the train is 
moving in the other direction. 

Examination of the diagram will show that the pick- 
up of the stick relay is through a back contact of the 
relay at track circuit "A" and a contact operated by 
the signal, this latter contact being closed from the 45 
to the 90 degree position. 
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The Signal Dfctionary says that a stick relay is "a 
relay of the ordinary type so connected that its arma- 
ture closes a circuit through its own coil" — ^that is, 
there are two paths for the current. 

The main point of the stick relay is that, after being 
picked up in the usual manner, it will "hold up'* 
through its armature until the holding circuit is 
opened, even though the fick-up circuit is broken. 
Both the pick-up circuit and the holding circuit must 
be broken before the armature will release. 

The holding circuit for the stick relay is through a 
front contact of the stick relay itself and a back con- 
tact of the signal control relay. 

It will therefore be seen that when a train passes 
the signal, moving from left to right, it first causes the 
armature of circuit "A" to drop, and then the signal, 
as it falls, causes the pick-up circuit to be made. In 
other words, the falling signal closes a contact for a 
length of time sufficient to pick up the stick relay, and 
the stick relay will stay picked up as long as the 
signal control relay is de-energized. It should be 
noted that the contact operated by the signal can be 
closed at any part of the stroke, but that it must be 
open when the signal is at "stop," and be closed, 
after passing below the 45 degree position, for a period 
sufficient to allow the stick relay to pick up. The con- 
tact is closed, roughly, from 85 degrees to 47 degrees. 

It will furthermore be observed that a train moving 
from right to left will not pick up the stick relay, for 
the de-energization of track circuit "B" will cause the 
signal to assume the "stop" position before the train 
reaches track circuit "A." Therefore the pick-up cir- 
cuit will not be made at any time. 
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Thus we have a means ^of establishing the direc- 
tion of traffic: a relay energized during the time a 
train is moving through a block in one direction, and 
de-energized when the train is moving in the other 
direction. 

An application of this means of differentiating traffic 
direction is shown in Figure "C." Signal No. 4 con- 
trols to point "M"; and if we disregard wire **X/' 
signal No. 2 will control to "M," as the control wire 
for signalNo. 2 is broken through the control relay 
for signal No. 4. It will be noted that wire "X** feeds 




energy to the control wire for signal No. 2 when the 
stick relay is picked up, even though the control relay 
for signal No. 4 is de-energized. Therefore, a train 
moving from left to right will allow signal No. 2 to 
clear as soon as it passes signal No. 4, for the stick re- 
lay will be picked up as long as the train is in the 
block of signal No. 4. But in the case of a train mov- 
ing from right to left, both signal No. 2 and signal No. 
4 will be operated to the "stop" position as soon as 
the train passes "M," the stick relay not picking up 
for this movement. In other words, signal No. 2 has 
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an overlap for opposing movements, but not for fol- 
lowing movements. 

Figure "D*^ shows the arrangement of signals and 
circuits usually employed, it being understood that in 
practice modifications are made because of local cpn- 
ditions and general standards. For instance, siding 
arrangements and their relative positions vary. Some 
roads want polar line-circuits, while others insist 
upon neutral; some employ three-position signaling 
and others two-position; and some use one battery 
for line and motor control, while others use separate 
batteries. 

Two simple sidings, "X" and "Y," with the usual 
entering and leaving signals at each end and with two 
pairs of intermediate signals, are shown in Diagram 
**D." However, it makes no difference whether the 
intermediate signals are in pairs or staggered except 
that, if there is only one intermediate signal for each 
direction, between sidings, the distance between 
should not be less than twice the safe braking distance. 

It will be seen that the control wire for signal No. 
2 is carried forward and broken through front con- 
tacts of the control and stick relays at signal No. 4. 
Likewise the control of signal No. 4 is carried for* 
ward to signal No. 6; but signal No. 6 only controls 
to signal No. 8, or to the end of the track block. 
Signals No. 7, No. 5 and No. 3 are controlled in exact* 
ly the same way as signals No. 2, No. 4 and No. 6. 

Therefore, a train moving from right to left, upon 
passing signal No. 7, will cause signals No. 6, No. 4 
and No. 2 to assume the "stop" position, for the stick 
relays at signals No. 4 and No. 6 will be de-energized. 
A long overlap is in this way provided for opposing 
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movements (to the next siding in each case) ; but these 
overlaps are cut off by the stick relays in the man- 
ner already explained. 

Moreover, the siding signals have a varying con- 
trol, depending upon direction. For example, signal 
No. 9 controls to "M'* for opposing movements, but 
only to signal No. 7 for following movements. 

One of the first questions brought up with regard to 
the absolute permissive block system described here- 
in was as to what would happen if the stick relay at a 
signal were picked up improperly for any cause. 

If this occurred, signal No. 2 would be at 45 degrees, 
even if an opposing train were between signal No. 4 
and signal No. 7. To protect against such a condition, 
the control for signal No. 5 is broken through a back 
contact of the stick relay for signal No. 4. Thus, after 
a train has passed signal No. 4, moving from left to 
right, the stick relay for signal No. 4 must again drop 
before either signal No. 5 or signal No. 7 can clear for 
an opposing movement. When a train movement has 
established traffic in one direction with this system, 
the signals will not permit a reversal of traffic until 
the stick relays have been restored to normal, or to 
the de-energized position. 

(a) It is well to remember that the object of the 
A. P. B. system is to permit the same facility of opera- 
tion on single track between passing sidings as on 
double track. 

(b) The direction of traffic is established by the 
train which first passes an absolute or leaving signal. 

(c) Trains may then follow as if the main track 
were one of the two main tracks of ^ double-track line. 

(d) All trains must pass out of the block between 
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sidings before the opposing signal will display a "pro- 
ceed" indication (proceed or proceed with caution). 

(e) A train entering from the opposite direction 
will in turn establish the opposite direction of traffic, 
and trains may then follow it with the same facility of 
operation as in the first case. 

It should be understood that, as generally used, the 
absolute permissive block system for single track 
provides for the movement of trains in accordance 
with the method that is ordinarily followed in the 
time-table and train order operation, but that it adds 
to this the protection of block signals. 

Thus the entrance of trains into any given block is 
usually covered by time-table or train orders. Trains 
which are given the right-of-way over a considerable 
stretch of track make only the usual time-table stops 
if not stopped by the signals. Other trains are kept 
on the sidings by train or time-table orders at the 
proper passing point. 

The operation of trains which have the right-of-way 
over other trains is therefore not impeded by the ab- 
solute permissive block system. 

Automatic signals do not relieve trainmen from the 
observance of the book of rules, time-table or train 
orders. However, as the train-dispatcher's orders are 
superior to time-table schedules and rules, he can fre- 
quently take advantage of the automatic block protec- 
tion and considerably facilitate traffic. 

Tonnage Signals — It is often necessary to locate 
automatic block signals on ascending grades where it 
is difficult or impossible to start a tonnage train if it is 
stopped by a signal. 

Under the protection of the A. P. B. system, and 
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since movements up-grade are made at slow speed, 
there is no sacrifice of safety if trains are allowed to 
pass permissive stop signals at slow speed, but with- 
out stopping. This applies, of course, to following 
trains and not to opposing trains ; and in a case of this 
kind there must be some indication to show the en- 
gineman that the train which is in the block ahead is 
not an opposing train. 

The tonnage signal has been developed for this 
purpose. It consists of a secondary arm placed below 
the top arm of the signal. The upper arm operates 
in three positions — displays the "stop," "caution" and 
''proceed" indications — and is controlled in the same 
way as other signals. The lower arm operates in two 
positions only — "stop" and "caution." When the up- 
per arm is in the "stop" position on account of a pre- 
ceding train, the lower arm operates to the "caution" 
position, indicating that the "block is not clear — pro- 
ceed prepared to stop within vision." If both the upper 
arm and the lower arm are in the "stop" position, the 
train must of course come to a stop, for the indication 
is that an opposing train is approaching. This could 
happen only if the opposing train "ran" the absolute 
signal. 
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CHAPTER VI 
MAGNETISM AND ELECTRICITY 

IN THE STUDY of magnetism and electricity, it is 
well to consider in advance just what electricity is 
and what its properties are. We find that no one knows 
the exact nature of electricity. We know that it is a 
method^of transferring energy, but we know very little 
of the way in which this energy is transferred. 

While we speak of electric current and the flow of 
electricity, we do not actually know that there is any- 
thing which would correspond to the flowing of a 
current such as we have in a river or in the water cir- 
culating in pipes. 

We have found out, however, that by assuming that 
there is a flow of current we can explain all the ac- 
tions that take place and can formulate certain basic 
laws, the results always corresponding to these laws. 
Therefore, from a practical viewpoint, since the results 
are the same as if there was an actual flow of current, 
we are justified in assuming that there is a flow of 
current. 

Sources of Electric Energy — ^There are three sources 
of electric current commonly used in signaling: 

1. Primary battery. 

2. Generator. 

3. Storage battery. 

For all signaling purposes the storage battery is a 
source of electric energy and should be so considered. 

Electric energy for signaling systems is derived as 
follows : 

1. D. C. block from potash or storage battery. 
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2. A. C. block from some commercial current, and, 
for reserve, from a gas, oil or steam-driven generator. 

3. D. C. interlocking from 110 volt storage battery 
charged by (1) A. C.-D. C. or (2) D. C.-D. C. motor 
generator set; (3) float charge direct from 110 volt 
commercial line or (4) float charge through resistance 
if 220 D. C.,or (5) from rectifier if commercial current 
is A. C. If no commercial current is available (which 
is the exception these days) storage battery is* charged 
by a gasoline, oil or steam-driven generator set. 

4. A. C. interlocking from some commercial current 
through transformers, and, for reserve, from a gaso- 
line or oil-driven generator which operates only when 
the main source is out of service. This is the only 
case where current from local generators is ever fed 
directly to a signal system — that is, to switch and 
signal mechanisms, track circuits, etc. 

Fundamental Comparisons — ^The eflfects which come 
from an electric battery or generator can be compared 
to the effects set up in a water pipe whose ends meet, 
forming a complete circuit. If we have a pressure 
tank at one point and put the water under pressure of 
twenty pounds, we will, of course, force the water 
through the pipes and back again to the source, thus 
setting up a circulation of water. In this case the 
pressure would correspond to the electro-motive force 
of a current or a battery; the resistance of the sides 
of the pipe to the passage of the water would corres- 
pond to the resistance in the wire or rails of the cir- 
cuit; and the volume of water which was circulated, 
depending not only upon the pressure but upon the 
size of the water pipe, would correspond to the 
quantity of electricity in a current. 
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That which corresponds to the resistance of the pipe 
walls to the passage of water is the resistance of the 
wire; and that which corresponds to the quantity of 
water which is pumped through the circulating pipe 
is the number of amperes discharged by the battery 
or generator in a given time. The number of amperes 
discharged per hour (ampere hours) corresponds to 
the number of gallons of water pumped through the 
pipe in an hour. The electro-motive force (E. M. F.) 
is the electrical power or force and corresponds, 
roughly, to the power or force the circulating water 
is capable of exerting. 

With these simple fundamental comparisons it is 
easy to see that the higher the electro-motive force of 
a cell, the greater the amount of current that can be 
forced through a given wire or other conductor; and 
the greater the resistance of the wire (correspond- 
ing to the smallness of the pipe in water circulation), 
the less the amount of current that can be forced 
through it by a given voltage. 

Effects of Electric Currents — As indicated above, we 
measure electric currents entirely by their effects, 
because there is nothing visible to show what 15 hap- 
pening in the circuit when we close it. The three most 
important effects produced by an electric current when 
it is closed are (1) chemical effects, (2) heating effects, 
and (3) magnetic effects. 

When a battery sets up a current, there is a chemical 
change which, as all signalmen know, gradually dis- 
charges the battery to a point where it must be re- 
plenished, or, in the case of a storage battery, where 
a new charge must be applied in the reverse direction 
from which the charge has been discharged. 
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Heat is always generated by an electric current, 
and the amount of heat depends upon the amount of 
resistance to flow. Ordinarily the heat in a circuit 
will be so small as to be unnoticeable, except in re- 
sistance coils, etc. When an ordinary conductor be- 
comes hot, it is an indication that there is something 
wrong somewhere. 

The magnetic elfifects of an electric current are the 
main thing in which the signalman is interested. 
When an electric current flows through a coil of wire 
wound upon a soft iron core, there is generated a 
magnetic power which attracts to the iron core mag- 
netic substances such as iron, steel, etc. 

The Ampere — ^The ampere is the practical unit for 
measuring the rate of flow of the current. This is the 
quantity of electricity which will flow through a wire 
having a resistance of one ohm, when the electro-mo- 
tive force is one volt. It is not necessary for us to 
remember how the value of an ampere is determined, 
but merely to remember that it measures the quantity 
of current flowing, or the rate of flow. 

An ampere-hour is the quantity of current which 
will be generated by a current of one ampere flowing 
for one hour. 

The Volt — The volt is the unit measure of electro- 
motive force or pressure. It is the electric pressure 
that will force a current of one ampere through a con- 
ductor whose resistance is one ohm. That is, if we 
have a conductor with a resistance of one ohm and 
electric pressure of one volt, a current of one ampere 
will flow through the conductor. 

The Ohm — ^The ohm is the unit for measuring re- 
sistance. It is equal to the resistance offered to a 
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constant electric current by a column of 14.4521 grams 
of pure mercury at zero degrees centigrade. It is 
not necessary to remember these figures, but it is 
necessary to remember that the ohm is the measure of 
the resistance of a conductor to the passage of current. 

The ohm is named after the man who first dis- 
covered the relation between electro-motive force, re- 
sistance (Ohms) and current .quantity. This law is: 
"In any circuit, the current quantity in amperes which 
will flow is equal to the electric pressure in volts 
divided by the resistance in ohms." Written as a 
formula this is as follows: 

The electric pressure in volts 

Current flowing (in amp.) ==3 

The resistance in ohms 

Ordinarily in electricity we use the following letters 
in writing this formula: 

I = the current in amperes. 

E == the electric pressure in volts. 

R == the resistance in ohms. 

E 
Written with these letters the formula is I = — ; 

R 

E 
also E = IXR and R = — . It is easier to use when 

I 
written E = I X R. 

For instance, if we have a current (I) equal to ten 
amperes, and a resistance (R) of twenty ohms, the 
electro-motive force (E) will be found as follows by 
substituting in the formula E = I X R * 
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E = 10 (I) X 20 (R) or 

E = 200 volts. 

If the current (I) is ten and the electro-motive 
force (E) is 100, we can find the resistance (R) by 
substituting as follows : 

100 (E) = 10 (I) X R or 

100 = 10XR. 
10 R = 100. 

100 
IR > 10. 

10 
R = 10. 

If you have any two of the values, I, E and R, by 
substituting in this formula it is possible to find the 
third value. 

These formulae are the basis of all electrical compu- 
tations, and every signalman should become thorough- 
ly familiar with them. When we want to test the 
strength of a current we use various testing instru- 
ments to find the voltage and the amperage. But 
in case we do not have these instruments, we must 
be able to use the above formulae. 

Electro-Motive Force — The technical definition of 
E. M. F. is as follows : "The total electro-motive force 
is the total electric pressure generated in any circuit 
which tends to cause the current to flow." This means 
the pressure necessary to overcome the resistance of 
the battery plus the resistance of the external circuits. 

Magnetism — There are two kinds of magnetism: 
(1) permanent and (2) temporary. Permanent mag- 
nets may be subdivided into (a) natural magnets and 
(b) artificial magnets. Natural magnets are sub- 
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stances found in the earth which will attract iron. An 
artificial magnet is the horseshoe magnet, with which 
everyone is familiar, to which magnetism may be given 
by an electrical current. There are other kinds of arti- 
ficial magnets, and other forms, among which is the 
bar magnet, which is similar to the horseshoe magnet 
except that it is made in a straight bar and has mag- 
netized poles at each end. 

Temporary magnets only retain their magnetism as 
long as they are influenced by an outside magnetiz- 
ing force. The electro-magnet in a relay is a tem- 
porary magnet. The armature will be attracted to the 
pole pieces only as long as a current is flowing through 
the coil. When the current is discontinued, the ar- 
mature drops away. 

The electro-magnet is of most interest to the sig- 
nalman. It is upon the principle of electro-magnetism 
that the relay and many other signal instruments are 
based. The electro-magnet consists of a soft iron core 
surrounded by a coil of wire. When current flows 
through the coil, the electro-magnet attracts magnetic 
substances; and when the current is cut off, the coil 
and core exert no magnetic eflfect. 

Magnetic Field — The magnetic field of a magnet is 
the region which is affected by the influence of its 
magnetic poles. The magnetic flux means the magnetic 
lines of force around the magnet. Any magnetic sub- 
stance which comes within the range of a magnetic 
field tends to be influenced by it and to pldce itself in 
the direction of the lines of force around the magnet. 

The electro-magnet obtains its magnetism through 
what is called induction. By induction we mean that 
it does not receive its magnetism by direct contact 
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with the electric circuit, but by being within the field 
of lines of force of the current. 

We do not know what change takes place in a sub- 
stance when it is magnetized; but from the actions 
which have been observed, it would appear that there 
is a change throughout the entire structure. For in- 
stance, if we have a long bar magnet, we will find that 
it attracts substances through either end, but not in 
the middle. But if we cut the' same bar magnet in 
two in the middle, we will find that we have two mag- 
nets, each of which attracts at its ends, but not in the 
middle. 

One of the laws of magnetism is that "unlike poles 
attract and like poles repel." In other words, if you 
have two magnets and place the poles together, there 
will be attraction between the magnets when placed 
in one position ; but when they are reversed, the mag- 
nets will repel each other. This principle is used in 
the polarized relay. 

Many signal instruments are based upon the prin- 
ciple that a magnetic substance, when placed in a mag- 
netic field, will arrange itself in the direction of the 
field, if possible — that is, parallel to the lines of force 
of the field. 
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CHAPTER VII 
MECHANICAL INTERLOCKING 

AS before stated, interlocking is defined as follows : 
"Interlocking is an arrangement of switch and 
signal appliances so interconnected that their move- 
ments must succeed each other in a predetermined 
order." Thus interlocking differs from block signaling 
in that it pertains to movements over conflicting 
routes, whereas block signaling pertains to the spac- 
ing of trains on the same route. 

About as simple an interlocking layout as we can 
imagine is that of a single track crossing at right 
angles, similar to Figure 42. All that is necessary in 
protecting this crossing in the way of signals is a 
home and distant signal on each route. Derails are 
placed near the home signals. 

Purposes of Interlocking — ^The first purpose of inter- 
locking is to eliminate as many stops as possible, and 
its second purpose is to safeguard train movements. 
Interlocking plants are only installed where they 
would effect more economical operation: For ex- 
ample, take the crossing of a heavy traffic line and a 
light traffic line. It is easy to determine how many 
tonnage-train stops could be eliminated by interlocking 
per day, month or year. The number of stops multi- 
plied by the cost of each stop (about $3 on the 
average) represents the gross savings effected. Pas- 
senger-train stops eliminated are figured in like man- 
ner. If the total savings effected are in excess of the 
fixed charges-7-interest on investment, depreciation, 
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operation and maintenance — -a plant would be eco- 
nomical. 

The foregoing are the main points, but other fea- 
tures, such as savings in time on acount of the elimi- 
nation of stops, and increased facility for various 
shunting movements, should of course be considered. 

Mechanical Locking — The mechanical locking in the 
interlocking machine is so arranged as to prevent the 
leverman from manipulating the levers improperly — 
or, in other words, signals cannot display "proceed" 
indications for conflicting routes. The standard code 
rules require that all levers remain in the normal posi- 
tion (signals at "stop" and derails open), and be re- 
versed only for a train movement, after which they 
are supposed to be returned to normal. (This rule can- 
not be enforced in large busy plants.) In the case of a 
crossing, a route would be cleared or "set up" in the fol- 
lowing sequence: (1) Reverse derails in route (which 
locks conflicting derails and signals normal) , (2) 
reverse home signal, and finally (3) reverse distant 
signal. After a train has passed, the levers are put 
normal in reverse order — distant signal, then home 
signal and finally derails — the reasons for which are 
obvious. From the foregoing it is apparent that levers 
can be manipulated only in a predetermined order or 
sequence. 

Numbering of Interlocking Units — The proper 
method of numbering the units of a plant depends 
upon whether the plant is power or mechanical. If 
power, signal levers are ordinarily located at the ends 
of the machines, with switch and derail levers be- 
tween, sufficient spare levers or spaces being provided 
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in each group. In a mechanical machine with rocker 
shaft leadout, the same method can be employed as 
:*n power machines; but with crank or deflecting bar 
leadouts, the switch, lock and signal levers are ordi- 
narily grouped together, the arrangement being such 
that the nearest unit on each side of the tower takes 
the pipe line nearest the rail, as it is the first to ter- 
minate, and so on. The proper numbering of a large 
complex layout requires considerable experience in 
order to accompilish the necessary locking with a 
minimum amount of locking parts. 

Locking Charts — ^The proper locking for a layout 
like Figure 42 is shown in the tables. A circle around a 
number indicates "reversed.'* For instance, at the top 
of the locking sheet in Table "A," lever No. 1, when 
reversed, locks No. 2 in its reversed position ; lever No. 
2, when reversed, locks No. 6 in its reversed position 
and No. IS in its normal position; lever No. 3, when 
reversed, locks No. 4 in its reversed position; lever 
No. 4, when reversed, locks No. 10 in its reversed posi- 
tion and No. 13 in its normal position; lever No. 6, 
when reversed, locks No. Z in its reversed position; 
and lever No. 7, when reversed, locks No. 11 in its 
normal position. Table "A" is for an interlocking 
where detector bars are not used. 

Detector Bars as a Basis of Interlocking — Where 
detector bars are used, the locking chart will be as 
shown in "B," in which case lever No. 1, when re- 
versed, will lock lever No. 2 in its reversed position; 
lever No. 2, when reversed, will lock No. 6 in its re- 
versed position and No. 15 in its normal position; 
lever No. 3, when reversed, will lock No. 4 in its re- 
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versed position; lever No. 4, when reversed, will lock 
No. 10 in its reversed position and No. 13 in its normal 
position; lever No. 6, when reversed, will lock No. 7 
in its reversed position; lever No. 7, when reversed, 
will lock No. 8 in its reversed position; lever No. 8, 
when reversed, will lock No. 9 in its normal position, 
etc. 

The above locking sheet has been explained in some 
detail in order that the reader may become perfectly 
familiar with the way in which the locking sheets are 
made up, if he is not already familiar with it from his 
past experience. 

The key to the locking in Figure 42 is indicated by 
the route on which the different units lock. For in- 
stance, in the table showing the locking without 
detector bars, it will be noted that all the units, with 
the exception of units No. 7 and No. 11, lock only 
other units on their own route. Unit No. 7, however, 
is located on Route "XY," and unit No. 11 on Route 
"AB"; and it is on these units that the interlocking of 
all the other units is base^. Table "A" shows that 
levers No. 7 and No. 11 are so interlocked that when 
either is in the reversed position, the other must be 
in the normal position. Running back up the column, 
we see that No. 7 is interlocked with No. 6 ; No. 6 with 
No. 2 and No. 15 ; No. 2 with No. 1 ; No. 7 with No. 
11; No. 11 with No. 10; No. 10 with No. 13 and No. 
4, etc. 

Derails as a Basis of Interlocking — In the locking 
without detector bars, the key to the interlocking is 
in derails No. 7 and No. 11. When detector bars are 
used at the crossing, they are used as the basis of the 
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interlocking, in this case the units being No. 8 and 
No. 9. This fact is indicated in Table *'B/' with detec- 
tor bars, which shows that No. 8 and No. 9 are the 
only two units on different routes which interlock with 
each other. No. 8 being on Route **XY,'' and No. 9 
being on Route **AB." 

This will explain the principle of locking at an inter- 
locking plant: that first one unit of each conflioting 
route is interlocked so that, when in reversed position, 
it locks other conflicting units in normal position, t!ie 
rest of the interlocking done on each route being 
built upon that particular unit. 

By following the method indicated, it is easy to take 
any signal chart and discover what the key units are, 
and thus trace the plan which was pursued in laying 
out the locking. 

In Figure 43, it will be noted that the derails are 
used as a basis for the interlocking, for by tracing 
down in column No. 1 we find that derail No. 11, when 
reversed, locks derail No. 15 on Route *'MN" normal, 
and also locks derail No. 17 on Route *'XY" normal. 
The rest of the locking for Route *'AB" is then built 
upon unit No. 11; the rest of the locking for Route 
*'MN" is built upon unit No. 15; and the rest of the 
locking on Route "XY" is built upon derail No. 17. 

The key to the locking in Figure 44 is in derail 
No. 11 on Route "MN," derail No. 14 on Route "XY," 
and derail No. 17 on Route '*XY." We have to go 
further than this, however, to find the basis of the 
locking between "AB" and the other routes, and the 
key is given by derail No. 22 on Route *'AB," which 
locks with derail No. 17 on Route "XY." 

This table is made and reads the same as the others 
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which were given previously, but for greater clearness, 
the way to read a table is indicated again. Starting 
at the top of the table at the left-hand side : When 
lever No. 1 is reversed, it locks lever No. 2 in the 
reversed position; when lever No. 2 is reversed, it 
locks No. 10 reversed. No. 9 reversed. No. 24 reversed, 
and No. 27 normal ; when lever No. 3 is reversed, it 
locks No. 10 reversed, No. 20 reversed, No. 19 re- 
versed, No. 21 reversed, and No. 30 normal ; and so on 
throughout the table. 

There is a feature in this table which is not shown 
in the previous ones, and that is the letter "W" under 
lever No. 6. This "W" indicates what is called a "when 
dog'- in the locking, which means that lever No. 6, 
when reversed, locks No. 15 reversed. No. 16 reversed, 
No. 19 reversed, No. 27 normal, and No. 30 normal, 
when — and only when- — lever No. 20 is normal and 
lever No. 24 is reversed, or when levers No. 20 and No. 
21 are reversed. At other times lever No. 6 does not 
lock Nos. 15, 16 and 19 reversed and Nos. 27 and 30 
normal. 

Thirty-two Lever Machine — Figure 45 shows a lay- 
out for a thirty-two lever machine. In this layout 
the interlocking of switches Nos. 14, 17 and 19 forms 
the key of the locking table. With these three levers 
properly interlocked, and each unit*on each route locked 
with its key switch, it is apparent that it would be im- 
possible to line up conflicting routes at the same time. 

These few typical layouts make it possible for a 
signalman to grasp the underlying principles of in- 
terlocking and the basis from which locking charts 
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are worked up. This knowledge is necessary in pre- 
paring locking sheets and dog charts. 

Addition of a Wye-Track — Figure 47 shows a layout 
similar to Figure 46, in which a wye-track has been 
added without changing the number of units which 
must be operated by the signal machine (interlocker). 

In Figure 47 two derails are dispensed with, and 
the switches are so interlocked that if the signal is at 
**stop/' the train will have to take the curved wye- 
track and will thus be deflected from the^main line, 
when the engineman can bring his train to a stop. 
This is a simple addition to the plan shown in Figure 
46. It is easy to imagine another wye-track, such as 
the on^ illustrated, connecting the same two tracks in 
like manner on the opposite side of the crossing. The 
addition of switches for sidings is another step which 
might be illustrated, but one which it is hardly neces- 
sary to . illustrate, as the protection would be similar 
to that shown. 

The double-track crossing, combinations of a double 
track with a single track, three tracks or more, cross- 
overs, switches for branch lines, etc. — these units are 
added in many plants; and although they result in 
very complicated interlocking layouts, they are all 
based upon the simple principles explained. 

Figure 47 illustrates a double-track crossing with a 
single track, without any complications, showing, how- 
ever, the use of low speed or back-up derails on double 
track. 

Interlocking LeadoUts — In a modem mechanical 
interlocking plant, switches, derails, facing point locks 
and bars, home signals and dwarf signals are ordi- 
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narily operated by pipe lines. Most distant signals and 
often some home signals are power operated, being 
controlled by a circuit controller mounted on the ma- 
chine and actuated by a latch on the lever. The A. R. 
A. does not sanction the use of wire Of)eratcd signals. 

Mechanical interlocking machines have either hori- 
zontal or vertical leadouts. The leadout is the con- 
nection from the lever of the interlocking machine to 
the pipe or wire lines which operate the units out on 
the track. 

The machines commonly used at present are the S. 
& F. and the Style **A/' both of which have latch 
locking. - ,! ; 

There are also machines called "dwarf interlocking 
machines/' which are used where a number bf yard 
switches can be controlled advantageously from a cen- ' 
tral point, or where it is necessary to have temporary 
interlocking, or at points where the installation of a 
heavy and expensive interlocking machine would not 
be justified. 

A leadout in a mechanical plant includes all the 
various parts which connect with the "up-and-down" 
rods attached to the interlocking machine and which 
transmit the movement of the levers to the pipe line. 

The leadout comprises two parts: First, that part 
attached to the lower ends of the up-and-down rods, 
which changes the direction of movement from ver- 
tical to horizontal; and, second, that part which con- 
nects to the pipe lines. The former may be (1) ver- 
tical cranks, (2) vertical deflecting bars, or (3) rocker 
shaft; and the latter may be (1) horizontal cranks of 
various types, (2) horizontal deflecting bars, or (3) 
rocker shaft. The rocker shaft arrangement is quite 
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generally favored, as it is best adapted to changes and 
alterations, which frequently occur. The A. R. A. has 
standard plans covering the several types of leadouts, 
including the foundations. 

A horizontal leadout is used on a machine which is 
to be placed at or near the ground — ^practically on a 
level with the pipe line. A vertical machine is used 
in towers where the bottom of the levers may be 
several. feet or more above the level of the pipe line. 

The type of leadout shown in Figure 48 is the box 
crank type; and Figure 49 shows what is called a de- 
flecting bar leadout. The operation of the crank lead- 
out is probably familiar to every signalman. The de- 
flecting bar leadout is also simple in operation. The 
deflecting bar is circular in form and is contained with- 
in a box which acts as a bearing. When the lever 
is pulled, this circular bar moves in its circular bearing 
and thus changes the direction of motion. 

The deflecting bar leadout is not as satisfactory for 
sharp angles as is the crank arm ; but where the angle 
is 90 degrees or more, the deflecting bar is found to 
give satisfaction. 

The rocker shaft leadout is a modification of the 
crank arm. Arms corresponding to the crank arms 
are fastened to a rocker shaft, but in the vertical posi- 
tion. The advantage is that a rocker-shaft crank can be 
connected to any one of the pipe lines by being shifted 
along the rocker shaft. 

Where a number of crank arms are located at the 
same point, as shown in front of the tower, it is found 
advantageous to place the cranks in what is called 
a crank box. Figure 50 illustrates a four-way box 
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crank. Various other arrangements are possible with 
boxes comprising more or less cranks. 

The construction of the deflecting bar^ with its con- 
nection in the pipe line, is shown in Figure 51. 

Where pipe lines have to be carried through cross- 
ings, it is best practice to install oil pipes and stuffing 
boxes, which are made with packing at either end to 
exclude dirt or water. The stuffing box acts as a 
bearing for the pipe line and must be kept free from 




Figure 50. 

dirt or grit, in order that the pipe line may operate 
correctly. 

Pipe Line Foundations and Carriers — Pipe lines 
must have firm foundations and suitable carriers or 
bearings at each point of support. If one foundation 




Figure 51. 

sinks out of level or line with the others, or if it shifts, 
it will create a kink in the pipe line, which will cause 
the pipe line to bind and thus make its operation diffi- 
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cult. Furthermore, the shifting of a foundation which 
allows a pipe run to get out of line tends to shorten 
the pipe line and makes necessary an adjustment for 
the operation of some of the units. 

Pipe-carrier foundations are concrete blocks 8x12x24 
inches, which support wood (oak) or iron strips, to 
which the pipe carriers are attached. Hook bolts 
secure the supports to the concrete blocks. The crank 
or compensator foundations comprise mass concrete, 
finished on top, embedded in which are cast-iron piers, 
to which the cranks or compensators are attached. 

Where a number of pipe line carriers are to be 
placed upon a single foundation, a pipe line carrier 
base is ordinarily installed. This base may be fastened 
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Figure 52. 



Figure 53. 



to the concrete foundation with two or more bolts, 
and the pipe line carriers then attached to the base by 
means of carriage bolts, which fit in the slots of the 
base. This installation makes necessary only two 
anchor bolts in a concrete foundation, and it is much 
easier and more satisfactory. 

Pipe Line Compensator — An important part of the 
pipe line is the compensator, which is so constructed 
that it compensates for changes in lengths of the pipe 
line produced by variations in temperature. 
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The compensator used most is illustrated in Figure 
53. It consists of two crank arms, No. 1 having an 
acute angle and No. 4 an obtuse angle, which are 
joined by connecting link No. 3. One end of the pipe 
line is fastened to the hole in the lower end of crank 
No. 1, and the other end is connected to the hole in 
the lower end of crank No. 4. 

When the pipe lines at the right and left of the 
compensator contract or expand, they move arms No. 
1 and No. 4 toward each other, these in turn moving 
their other arms ; but the only effect is that the angle 
of link No. 3 is changed. In other words, if the pipe 
line is contracting, it pulls on arm No. 4, which moves 
to the left, arm No. 5 then moving toward arm No. 2. 
At the same time, however, the pipe line to the right is 
pulling arm No. 1 to the right, and this moves arm 
No. 2 down, or away from arm No. 5. The two crank 
arms are made with angles of 60 and 120 degrees, 
respectively, so that this movement of No. 2 and No. 
5, which is in the same direction, will be equal. When 
it expands, the pipe line to the left moves arm No. 4 
toward the right, which will tend to raise arm No. 5 
upward ; but at the same time the pipe line to the 
right of No. 1 will be pressing No. 1 toward the left 
and raising arm No. 2 upward in the same direction as 
arm No. 5 is being moved. Thus, no matter what hap- 
pens, arms No. 2 and No. 5 move in the same direction 
and their movement is equal, temperature changes 
affecting the angle of link No. 3 only. 

A compensator changes the direction of movement 
in a pipe line. That is, if there is a push movement 
on one side of the compensator, there will be a pull 
movement on the opposite side. 
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These movements are equal, however, only if the 
compensator is located at the center of the pipe run, 
and if there is no reverse crank in the pipe line. In 
finding the center, we measure ffom just outside the 
tower clear up to where the pipe line fastens to the 
switch rod, or signal rod, including the pipe line lead- 
ing from the straight run to the unit operated. 

Compensation for pipe lines is measured from the 
outside of the tower, as the temperature inside is as- 
sumed to be uniform. 

A straight arm may be used as a compensator by 
cutting a pipe line in the middle and placing the arm 
at approximately right angles, one side of the pipe 
line being attached to one end and the opposite side 
to the other end of the arm! This method throws the 
whole pipe run out of alignment, however, and for 
this reason is seldom used unless there is only a single 
pipe line. 

The Signal Division of the A. R. A. has adopted the 
following recommendations for compensators: "Com- 
pensation shall be provided for each pipe line more 
than fifty feet in length and less than 800 feet, with 
crank arms 10x13 inch centers. From 800 to 1200 
feet in length, crank arms shall be 10x16 inch centers. 
Pipe lines over 1200 feet in length shall be provided 
with additional compensators. Not more than 725 
feet of pipe shall be compensated by a lL)4xll^ inch 
crank." 

Wire Compensator — The use of wire lines is not 
considered to be good practice in modern interlocking, 
but a good many old interlocking plants have them. 

The expansion or contraction of a wire run is taken 
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care of much more easily than the expansion or con- 
traction in pipe lines. 

A wire compensator may consist of a weig'ht on an 
arm placed at a signal, as shown in Figure 54. This 
weight assures that the wire will be kept tight at all 
times. As the wire contracts, this weight will rise, 
and as it expands, the weight will lower. 
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Figurc 54. 

Another form of compensator is based upon a weight 
hung on the wire line at some point, the weight being 
sufficiently heavy to keep the wire tight^ When the 
temperature rises and the wire run expands, this 
weight will lower, and when the wire contracts, the 
weight will rise. This kind of compensator is often 
placed in the tower building. It is evident that the 
wire line compensator need not be put in the middle 
of the wire run, the reason for this being that the wire 
run is not a rigid connection, as is the pipe line. It 
does not make any difference if there is more wire on 
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one side of the weight than there is on the other, pro- 
vided the weight is so hung that it can move freely 
on the wire and not have to apply its entire weight 
to one side or the other of the loop of wire on which it 
is attached. Figxire 55 shows this kind of wire run 
compensator. 

Bolt Lock — There are a number of locking devices 
based upon the principle of the bolt lock, which con- 
sists of a bar attached so rigidly to the switch, or 
other moving units, that when the switch is moved, 
the bar moves with it. At a certain place in this 
bar, there is either a slot or a bolt hole, so located that 
it is just in line with the bar or bolt when the switch 
or derail is closed. After the switch is operated, the 
bolt is moved forward; and if the hole is in line with 
the bolt, the latter passes through the hole. When the 
hole does not register with the bolt, the bolt strikes 
the side of the locking bar and prevents the movement 
of the lever in the tower from being completed, this 
in turn hindering the locking in the interlocking 
machine from releasing other levers. 

Modifications of the bolt lock are used for lift rails 
at bridges to indicate when they are in place, and also 
at movable point frogs, etc. While they may be 
called lift rail locks, movable frog point locks, etc., 
where they operate upon the principle of the bolt 
registering with a hole in the bar, they are simply 
the bolt lock adapted to special uses. 

Mechanical Interlocking Plants — The principles 
underlying locking which were described previously 
apply alike to all kinds of interlocking, whether me- 
chanical, electro-mechanical, electro-pneumatic, or 
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electric, but of course the means of operation are dif- 
ferent. 

In mechanical interlocking, both the control of the 
units and the power for moving them are furnished 
manually by the leverman. Under these circumstances, 
it is necessary that the actual power required to operate 
the levers be kept at minimum by proper installation and 
maintenance. 

An electric motor or pneumatic machine may 
operate a switch or other unit when it works with con- 
siderably more than normal resistance; but the same 
amount of resistance at a mechanical plant would pre- 
vent a man from operating the unit. 

Mechanical Interlocking Machines — Figure 56A 
shows plainly how the locking is accomplished in a 
Sax-by and Farmer locking machine of the ordinary 
type. The bars marked No. 1 in this illustration are 
forced in the direction of the arrow by the leverman 
v/hen he pulls or pushes on his levers. On this locking 
bar is located the locking dog marked No. 2, which under 
certain conditions of locking prevents the bars from 
moving. 

It will be noted that dog No. 2 butts against cross 
locking No. 3, and that therefore it would be impos- 
sible to push bars No. 1 in the direction of the arrow. ' 
It will also be noted that bars No. 5 can be moved in 
the direction of the arrow because cross locking No. 
3, being toward the left, allows locking dog No. 4 to 
sli'de by. The condition shown in Figure 56A indicates 
that bars No. 1 control a rod operating a unit which 
conflicts with the unit operated by bars No. 5. 

In Figure 56B the opposite condition is shown. It is 
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possible to operate bars No. 1 because cross locking 
No. 3 has moved to the right and in so doing has 
locked bar No. 5, dog No. 4 being held by cross lock- 
ing No. 3. This explains in a simple way the basis of 
the operation of the locking of a Saxby and Farmer 
machine. 

Figure 57 shows the lever of a Saxby and Farmer 
machine through which the movement of locking bars 




No. 1 and No. 5 in Figures 56.\ and 56B is produced. 
It wili be noted in Figure 57 that when the latch 
marked No. 2 is opened, the lever can be pulled back- 
ward (to the right), which will raise arm No. 13 at the 
left-hand side and lower arm No. 12 at the right-hand 
side. Part No. 13 is called the front tail and part No. 
12 the back tail of the machine. 

Locking bars No. 1 and No. 5 shown in Figures 56A 
and 56B are operated by the locking bar driver marked 
No. 20 in Figure 57. This movement is accomplished 
through crank arm No. 18 and rocker No. 8. As the 
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lever is pulled back toward the right, it gradually de- 
presses the right-hand end of rocker No. 8, and this 
raises the end of universal link No. 18, which in turn 
rotates crank No. 19 and locking bar driver No. 20. 
Locking bar driver No. 20 is an arm connected to the 
locking bar, and when the locking arm moves, the bar 
must move with it. 

The front and back lever arms at the base of the 
lever are used for connections to the up-and-down 
rods. 

Mechanical interlocking machines are usually made 
for vertical connections, but in cases where the tower 
is on or near the track level, the machine is arranged 
for horizontal connections. 

Maintenance — It is evident that any looseness of the 
parts of a mechanical interlocking mac'hine, or the 
dropping of bolts or nuts into the interlocking bed 
of the horizontal locking, will result in trouble — prob- 
ably in breakages as well as obstructions to the opera- 
tion of the plant. It is therefore necessary to inspect 
carefully mechanical interlocking machines to be sure 
that all parts are tight and correctly aligned. The 
lubrication of the machine should also be given special 
attention, for w'hen the machine works hard the lever- 
man is more likely to strain some of the parts when 
he is throwing his levers. 

While it is necessary to oil the bearings of the in- 
terlocking machine, an excessive amount of oil should 
not be used, because it gathers dirt and also is likely 
to harden. Graphite is a good lubricant for the lock- 
ing, but other lubricants may be used if graphite is not 
obtainable. 



154 



CHAPTER VIII 
POWER INTERLOCKING PLANTS 

POWER Interlocking — Power interlocking has been 
used to a considerable extent in the United States 
for plants of greater magnitude since 1890. The early 
hydraulic and hydro-pneumatic plants were followed 
by electro-pneumatic and electric ones. Modern 
power interlocking is either electro-pneumatic or elec- 
tric, the type used being generally that which is best 
adapted to the individual location, or that which may 
be preferred by the signal engineer of the railroad 
concerned. 

The question of the means to be used for storing 
and transmitting power at an interlocking plant 
should be considered in the light of the work to be 
performed. The functioning of a power interlocking 
switch or signal comprises control, operation and in- 
dication. The control and indication functions do not 
require much energy, although this may be made to 
exert itself continuously in order to provide the great- 
est protection. The operation of an interlocking unit, 
however, requires comparatively heavy expenditure 
of energy for a very brief space of time. For example, 
a switch movement requires approximately 3.0 am- 
peres at 110 volts for two seconds in unlocking the 
switch points, throwing them, and locking them in 
the alternate position. A signal requires approxi- 
mately 1.0 ampere at 110 volts for possibly seven 
seconds in clearing from zero to 90 degrees. 
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With the single exception of the interlocking ma- 
chine, no part of a power interlocking is more impor- 
tant than the power plant, comprising the means for 
developing and storing the energy used for operating 
the switches and signals. The supply of energy may 
be obtained commercially, in which case it is usually 
in the form^ of alternating current at 110 volts; or it 
may be obtained by the use of a gasoline engine. A 
switchboard is required, and storage battery for stor- 
ing . the electrical energy, and, in electro-pneumatic 
plants, a reasonable capacity in condensation tanks 
and air lines for storing compressed air. It is gen- 
erally considered best to have two sources of power 
supply available, or at least to have duplicate sets of 
apparatus, to protect against a breakdown. 

Electro-Mechanical Interlocking — Electr o-mechani - 
cal interlocking is a comparatively recent development 
in signaling, and it was devised to fill a very definite 
need. The difficulty of operating distant signals by 
long wire runs, and the ease with which distant signals 
can be operated by electricity, were two reasons for its 
development. 

Again, many old mechanical interlocking plants had 
to be enlarged to take care of additional units in the 
track and signal layouts. This meant practically the 
rebuilding of the entire plant and the installation of 
larger mechanical interlocking machines in the tower. ^ 
However, by adding a number of electric levers and 
rebuilding the locking of the mechanical levers, the 
plant could be enlarged without greatly disturbing the 
existing layout. 

There was still another feature which favored the 
adoption of electro-mechanical interlocking, and that 
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was the gradual increase in the use of electric auto- 
matic block signals, which, when installed, had to be 
carried through mechanical interlocking plants. This 
made advisable the addition of automatic features to 
the interlocking signals, in order that they would work 
in harmony with the automatic block signals. 

The electro-mechanical interlocker consists of a me- 
chanical interlocking machine, above the levers of which 
is located a row of small levers which control the oper- 
ation of the power-operated units. It is evident that 
the locking in the machine must be so arranged that 
there is mechanical locking between the electric and me- 
chanical levers. 

A generator is not necessary unless storage battery 
is used, and even then, if the commercial current is 
A. C, a rectifier would be used. Potash cells are used 
as often or oftener then storage battery. Frequently 
at an electro-mechanical plant, signals and track cir- 
cuits are A. C, in which case a transformer would be 
used. 

Electric signals (home and distant), and also track 
circuits, various types of electric locking, etc., — either 
D. C. or A. C. — are often installed in connection with 
mechanical plants. 

The use of electric power in an electro-mechanical 
plant is not confined to the operation of distant signals. 
In fact, it is possible to use the electric power for any 
purpose desired ; and it is often used for operating all 
the units which are added to the old plant, which 
would otherwise require additional mechanical levers. 
This makes it unnecessary to add any mechanical 
levers to the machine, or to add or change the pipe 
runs with their foundations. 
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Primary battery of the caustic soda type may be 
used to supply energy for the electric units of an 
electro-mechanical interlocking plant. Storage bat- 
tery may also be used for this purpose. The develop- 
ment of rectifiers, of both the vacuum tube and me- 
chanical type, has recently made the charging equip- 
ment for battery of this sort from an A. C. source 
economical as well as simple. The electrical energy 
available in an electrp-mechanical plant can be used 
for relays controlling signals, for annunciators, indi- 
cators, electric locks, and, if desired, for the electric 
lighting of signals. 

The use of electric power in an electro-mechanical 
plant is not confined to the control apparatus men- 
tioned and distant signals, but may be used for the opera- 
tion of outlying switch movements by having a separate 
battery located adjacent to these. Thus additions to an 
existing interlocking plant can be made with minimum 
changes in interlocking machine, pipe lines, etc. The 
wires which conduct the electricity used for controlling 
/arious units are carried upon pole lines or in trunking 
or conduit, as desired. 

Electro-Pneumatic Interlocking — Electro-pneumatic 
interlocking utilizes electricity for control and in- 
dication, and compressed air for the operation or 
actual moving of the switches and signals. Thus the 
wires used for transmitting electricity can be made 
small without undue losses, and, at the same time, 
advantage can be taken of the negligible resistance 
offered to the passage of air through the pipe lines. 

The modern electro-pneumatic interlocking plant 
may use air at either ninety pounds or sixty pounds 
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normal pressure, iwith a generous allowance even 
below this. Direct current electrical energy at ten 
volts or alternating current at 110 volts supplies the 
control and indicating magnets. The circuits are 
simple, because control and indication are separated 
absolutely. The "SS" system of signal control is used, 
this providing not only a continuous indication of the 
position of each and every switch, but also the 
continuous control of all signals governing train 
movement over switches, no matter whether these 
. are facing or trailing point. 

The most - recent development of the electro- 
pneumatic system is the use of the cut-off valve, 
which allows air to be retained in the air line but not 
the switch cylinders normally, this resulting in con- 
siderable economy; also the use of compressed air at 
sixty pounds pressure instead of ninety, this also being 
an economicaladvance. 

The Union Switch and Signal Company's Model 14 
electro-pneumatic interlocking machine has levers which 
are arranged for operation from left to right. 
These levers are provided with latches, by means of 
which they are held in both the normal and reverse 
positions, thus preventing accidental manipulation. 
All of the operating parts of the interlocking ma- 
chine, except the levers, are enclosed in a sheet steel 
case, which is provided with cabinet locks. The me- 
chanical locking, which determines the sequence of 
operation of the levers, is the Saxby and Farmer type, 
but in miniature, thus taking advantage of the many 
years' experience with mechanical interlocking ma- 
chines, and applying this to a power machine where 
the strains on the locking cannot be so great. 
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But one lever is used for the control of any number 
of signal blades, of which only one can be cleared at 
a time: for example, blades governing train move- 
ments over converging routes, or opposing train 
movements. Similarly, a single switch lever in the 
Model 14 machine can control both ends of a cross- 
over, or any other arrangement of switches which 
can be moved simultaneously without restricting 
traffic. 

Direct Current Electric Interlocking — ^In electric in- 
terlocking, there are no rigid mechanical connections, 
such as pipe runs or air pipe lines, between the tower 
and the signal and track units to be operated. Thus 
all wear on mechanical connections such as are found 
in pipe and wire lines, and all trouble resulting from 
expansion and contraction, are eliminated. There is 
no leadout in an electric plant, and there is also a great 
reduction in the number of moving parts to be main- 
tained and kept in operation during snow storms, etc. 
Besides, signal towers may be made smaller, and one 
man may operate many more units because very little 
physical exertion is required. 

The main functions of the G. R. S. electric interlock- 
ing system are as follows : 

1. Control. The G. R. S. machine is of the tinit- 
lever type, in which each lever, with its locking con- 
nector, circuit controller, indication magnet, etc., is 9 
unit by itself and may be added to or removed from 
the machine without disturbing other levers. 

2. Operation. The operation in itself is one of the 
simplest features, for about all that is required is a 
properly designed motor for the particular service. 
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3. Dynamic Indication. When an electric motor at 
a switch or signal location speeds up to operate the 
unit from one position to another, it gradually gains 
speed until it reaches the "maximum; and when the 
movement of the unit is entirely completed, there is a 
tendency for the jotating member of the signal motor 
to keep on turning because of its own momentum, 
and to come to rest gradually through friction. This 
fact is utilized in the G. R. S. electric interlocking 
plant to send back to the tower the indication that 
the unit has moved properly. 

Probably all the readers of this book know that an 
electric generator and an electric motor are built al- 
most exactly alike, and that if you pass current 
through from some source of energy, this current will 
make the motor operate. On the other hand, if there 
is no source of electric current, and if we turn the 
rotating member of the motor by hand, it will act as a 
generator and will generate current. In the G. R. S. 
interlocking, current is first supplied the motor, and 
the motor operates the unit. When the movement 
of'the unit is completed, the current is cut off, but the 
rotating member of the motor continues to turn for a 
short time and in so doing generates another current 
which is carried to the tower and operates the indica- 
tion. It will readily be realized that this is a very 
dependable indication, for the motor cannot act as a 
generator as long as it is acting as a motor to move the 
unit. 

This is what is called "dynamic indication,'' and it 
means an indication by an electric current generated 
by the same motor which operates the interlocking 
unit. 
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4. Cross Protection, or means of preventing improper 
or unauthorized movements of the switch and signal 
mechanisms. In the G. R. S. system, current always 
flows in the same direction, whether for operation or 
indication ; and if a cross or short circuit should occur, 
the current would flow in the opposite direction and 
cause the opening of the polarized relays and the main 
circuit breaker, thus announcing to the leverman that 
something is wrong. 

Formerly, G. R. S. electric interlocking was usually 
installed with a main common wire for signals and an- 
other for all other units — low-speed signals, switches 
and derails. Sometimes in large plants there were two 
or three main common wires for each of the above, 
comprising what is known as sectionalizing. The tr^nd 
of present practice is to provide an individual return 
wire for every unit; and although about 20 per cent 
more wire is required, there is the big advantage that, 
in case of a short circuit or other trouble, the only unit 
aflfected is that on which the trouble occurs. Individ- 
ual return wires have been standard on the New 

 

York Central R. R. for some years. 

In the General Railway Signal Company's electric 
interlocking plant, switches and signals are operated 
by electric motors, the current being furnished by 
storage battery. 

The interlocking machine levers are locked me- 
chanically as well as electrically, the mechanical lock- 
ing being similar to that provided on mechanical ma- 
chines. To each of the levers in these machines there 
is attached a circuit controller, through which the re- 
spective switch or signal mechanism is controlled. 

When it is desired to line up a route, the signalman 
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pulls the first lever; but he can only make a partial 
movement of this lever, the completion of the move- 
ment depending upon the **dynamic indication" w^hich 
comes from the unit itself, but which only comes after 
the unit has operated to its proper position. This in- 
dication releases a lock upon the lever, v^hich allows 
the leverman to complete the stroke of the lever. 

In the G. R. S. type of interlocking machine, the 
levers are pulled out to reverse or pushed in to normal. 
The preliminary stroke is about three-fourths of the 
final stroke, and the locking is so arranged that no con- 
flicting levers can be manipulated until the full stroke 
of the first lever has been completed. 

The locking in the G. R. S. machine is vertical and 
is like that in the Standard mechanical interlocker, 
but smaller in size. 

During the first part of the movement of the lever 
in this machine, the tappet bar is. moved one-half its 
stroke, but no change is made in the electrical con- 
nection. This preliminary tappet movement, however, 
locks all other levers conflicting with the new position 
of the lever in question. 

Not until the final part of the lever stroke has been 
completed will all levers not conflicting with the new 
position of this lever be released. The lever cannot 
be placed either full normal or full reverse unless the 
the proper indication is received from the unit being 
operated. 

The power switch board for a G. R. S. machine has 
an ammeter and a voltmeter, controlled by switches, 
to record the battery charging or discharging cur- 
rent, and the battery or generator voltage, respective- 
ly. A rheostat is provided to open the circuit when 
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the generator voltage is less than battery voltage, or 
to prevent discharge of the battery. 

A circuit breaker v^hich operates on the closed cir- 
cuit principle is located on the operating sw^itch board. 
I.t is so controlled that it is opened by the improper 
application of current to any circuit or unit in the 
plant, and in this way cuts off all operating current 
and puts out of service the entire plant, or in some 
cases the sections of the plant affected. 

If the circuit breaker is closed by the leverman be- 
fore the trouble has been removed, it immediately 
opens again ; and any attempts on the part of the 
operator to plug the circuit breaker or hold it might 
result in serious trouble. 

These circuit breakers are polarized and are in- 
serted in series in each indication circuit in the tower. 
The current which passes through one of these cir- 
cuit breakers will always be in one direction if the 
unit is operating properly. Current from an unauthor- 
ized source would have two paths to follow; and the 
following of the path through the polarized circuit 
breaker would promptly open the circuit breaker and 
cut off current from the unit. 

As both positive and negative connections are 
broken through this circuit breaker, it gives a full 
measure of protection for the proper operation of the 
interlocking plant. 

This feature, together with others for preventing 
false operation of interlocking units, was developed to 
guarantee the proper protection against foreign cur- 
rents and crossed wires. Because of the great number 
of circuits which must be used in a large interlocking 
plant, this protection is exceedingly important in safe- 
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guarding the movements and in insuring proper opera- 
tion of the interlocking plant. 

The type "F" system of electric interlocking, man- 
ufactured by the Union Switch and Signal Company, 
maintains the same basic principles as in their electro- 
pneumatic system. The Model 14 interlocking ma- 
chine, used in the type "F" system, is practically 
identical with that for the electro-pneumatic. The 
only real difference between the two systems is that 
electricity instead of compressed air is used for the 
operation of the switches and signals in the type "F*' 
system. The principal detail in which the Union type 
"F" system differs from other electric interlocking 
systems is in the use of busses, or main wires, for 
supplying energy throughout the plant. The con- 
trol and indication of switches and signals in the type 
"F" system are similar to ' the electro-pneumatic. A 
single pair of wires is used to supply energy for 
operating switches and signals, and these are made 
large in order to keep the drop in voltage at a mini- 
mum between the interlocking tower and the move- 
ments. These mains can also be used in connection 
with any other power demands which may be made 
throughout the interlocking plant. 

The control, indicating* and operating circuits are 
separated to insure against effects of crosses, grounds, 
etc., and to allow the maintainer quickly to locate any 
case of trouble which might develop : for example, 
wires broken due to derailment, or corroded due to 
action of the elements. 

The switchboard wiring for the type "F" electric 
system is remarkably simple, because no special cross 
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protective apparatus is required, the protection" in this 
system being obtained in the absolute separation of 
control, operating and indicating circuits, and the 
consequent avoidance of dual functioning of any of 
these circuits. 

The Federal Signal Company has recently developed 
a system of electric interlocking utilizing current of 
one charactertistic for the operation of switches and 
signals, and current of another characteristic for the 
indication of these devices. For example, the switches 
and signals may be made to operate on direct current 
and to indicate by means of alternating current, or 
these units may be made to operate on alternating cur- 
rent and to indicate by means of direct current. 

The interlocking machine has built into it an ar- 
rangement of magnets which can be made to operate 
on current of one characteristic and not on current of 
the other, in' this way preventing a switch or signal 
from indicating by means of a current similar to that 
on which it operates. 

Alternating Current Electric Interlocking. — Alter- 
nating current may be applied to Union type "F" elec- 
tric interlocking without any changes whatever in 
the basic principles involved or in the circuits, ex- 
cept that a transformer is substituted for the battery. 
By means of individual transformers at the various 
switches, absolute separation of each pair of switch 
indicating wires can be obtained if desired. 
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CHAPTER IX 

PRIMARY BATTERIES 

BATTERIES for Track Circuits— As the track cir- 
cuit battery is discharging current practically all 
the time, the kind of battery to use is the one which 
will last the longest and give the best service. 

The main requirement is high internal resistance, 
as, for example, in the gravity cell, which has an E. 
M. F. of one volt. Both the potash cell (E. M. F. 
about 0.6 volt) and the storage cell (E. M. F. two 
volt) have low internal resistance; but this is over- 
come by installing a fixed or variable resistance unit 
in series with one or both of the battery leads. Each 
D. C. track circuit is operated by two or three cells 
connected in multiple, the reason for which is that, if 
one cell should fail, the other one or two continues to 
function. 

The arrangements of track battery cells are shown 
in Figures 59, 60, 61, 62 and 63. Opposite each of 
these layouts in standard R. S. A. symbols are also 
shown sketches of actual cells and the way they should 
be connected. All signalmen know how two cells are 
connected in series, so no illustration of this is shown. 
When connected in this way, the voltage or current pres- 
nire from one cell is added to that of the other cell. 

Cells Connected in Series or in Parallel — Probably 
most signalmen realize the different results obtained 
when cells are connected in series or in parallel; but 
a simple illustration will serve to explain this quite 
clearly. 
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Figure 59— Two Cells in Parallel (or Multiple). 
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Figure 60 — ^Three Cells in Parallel. 
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Figure 61 — Four Cells in Multiple Series. 




Figure 62— Six Cells in Multiple Series. 




Figurt 63. 
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We all know that if we have a column of water a 
foot high in a jar (see Figure 64A) and put a faucet 
in the bottom of the jar, we can get a certain pressure 
on the faucet because of the column of water one foot 
high above it. Now, if we take a jar which is two 
feet high and fill it full of water, the pressure at the 
bottom will be twice that in the jar one foot high, 








Figure 64A. 



Figure 64B. 



because it has a column of water two feet high. The 
diameter of the jar has nothing to do with the pres- 
sure. There is no more pressure in a faucet in the 
bottom of a tank fifteen feet in diameter with one foot 
of water in it, than there is on a faucet in the bottom 
of a jar one foot in diameter with one foot of water 
in it. The pressure per square inch on the bottom is 
what governs the force of the water in the faucet. 

If we take two jars, each a foot high, and set them 
side by side, it is evident that we will only have a 
pressure corresponding to one foot of water; so that 
if we set them side l)y side and connect them, we will 
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only have one-half the pressure we have in the jar 
w^hich is twice as high, the pressure of the water at 
the bottom of the jar depending entirely upon the 
height of the water above it. The two jars side by 
side in Figure 64A act upon the same principle as two 
battery cells connected in parallel, and the two jars 
on top of each other act upon the same principle as 
cells in series. 

Figure 59 sliows two battery cells for a track cir- 
cuit connected in parallel. The voltage will be prac- 
tically the same as the voltage of one cell. It should 
be understood that the current output of these 
various battery cell arrangements will not be exactly 
as indicated because the internal resistance of the 
different arrangements varies. Where cells are placed 
in parallel, the internal resistance of the battery is 
reduced in proportion to the number of cells. With 
two cells in parallel, the internal resistance is de- 
creased to one-half, while with three cells in parallel, 
the internal resistance is decreased to one-third, etc. 
But where cells are placed in series, the internal re- 
sistance is increased according to the number of cells. 
For instance, with two cells it is twice as much, with 
three cells three times as much, etc. 

Figure 62 shows six cells — each pair connected in 
series, and the three pairs connected in multiple. 
Figure 63 shows five cells of battery — three cells con- 
nected in parallel, two cells connected in parallel, and 
the two groups connected in series. Figure 61 is 
similar to two cells connected in series except for the fact 
thr.t there are two pairs of cells, each being connected 
in series and the two pairs then being wnred in parallel. 
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Figure' 60 shows three single cells of battery connected 
in parallel. 

Where only a low voltage is required, two cells in 
series may "fill the bill," and Figure 61 and Figure 62 in- 
dicate the way the capacity or life of the battery may be 
increased while the voltage remains almost constant, 
being increased slightly because of the decreased 
internal resistance. 

Figure 59 indicates a way of increasing the voltage 
almost to double that of a single cell. Figures 61 
and 62 show ways of increasing the capacity or life 
of the battery while increasing the voltage of -current 
output but slightly. 

Mechanical Features To Be Considered — There are 
certain mechanical features which must be considered 
in the battery arrangement. For instance, in cells in 
series it is plain that if the connections on a single cell 
should break, or if the cell itself should break, the cur- 
rent would be interrupted and there would be a com- 
plete failure of the track circuit, which would 'result 
in a "stop" indication and hence in delays to trains. 

In Figure 59 one battery cell may be broken or have 
poor connections and the other cell will still continue 
to operate the track circuit. The same is true of the 
other arrangements shown, and the degree of protection 
against poor connections and broken cells is increased 
in proportion to the number of parallel units used. 

The proper arrangement for the cells of a battery 
depends upon the particular conditions in the track 
circuit where the cells are used. The current output 
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ot the above arrangements is as follows: Starting with 
Figure 59, which of course gives the smallest current, 
the output increases in the following order: Figure 
63, Figure 60, Figure 61 and Figure 59. Knowing these 
facts, it is possible to arrange the number of cells available 
to accomplish the best results on each track circuit. 
The cells should be so arranged as to give the greatest 
possible efficiency consistent with economy in the 
number used. 



Figuie 6S— Calunibia Primary Cell. 

Gravity Battery — An ordinary gravity battery cell 

consists of a jar in which are placed a positive copper 
element and a negative zinc element, as shown in 
Figure 59. Water and a chemical which is commonly 
called blue vitriol, but which consists of zinc and 
copper sulphate, are added. The zinc (see Figure 
59), in the form of a crowfoot, is centered in the top 
of the jar, and the copper, which may be of various 
shapes, rests on the bottom. 

Caustic Soda Cells— The Signal Division of the 
A. R. A. has adopted standard specifications for 
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caustic soda or potash signal cells, in which the 
renewal element consists of a sealed can of caustic 
foda, a sealed bottle of mineral oil, and assembled 
elements, with connecting wire and rigidly connected 
suspension bolts. 

Columbia Track Battcry^The CoUimbia track bat- 
tery is a primary caustic soda cell, having flaky copper 
oxide as a positive element, loosely placed on a tin 
disc to which is riveted the wire for connection to the 
external circuit. The negative element consists of 
amalgamated zinc, is circular in form, and is supported 





c 66— Edbnn Primary Oil. 

in the center of the jar by means of wires hooked 
over the edge. The internal resistance of this cell is 
high, but not as high as that of the gravity cell. 
These cells will not freeze because of the character 
of the chemical solution in them, and they do not 
require cleaning or attention from the time they are 
put into service until the elements are exhausted. 

Edison B. S. C. O. Cells— The elements in the 
Edison IS. S. C. O. primary eel! are made of amalga- 
mated zinc and compressed copper oxide. Each cell 
contains two zinc plates and one copper plate. The 
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electrolyte or solution consists of caustic soda and 
water, and the action of the cell gradually dissolves 
the zinc plates and converts the copper oxide into a 
plate of pure copper. 

When entirely exhausted, the copper oxide will all 
have been changed to copper; and the proportion of 
copper oxide to pure copper gives an idea of how 
much life there is left in the' cell. 

Waterbury Cells^\ Vat er bury primary battery cells 
are of the Lalande tyjie. The active materials consist 
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of amalgamated zinc (negative) and oxide of copper 
(positive), and an electrolyte of sodium hydrox and 
water. 

Figure 67 is the separate cylinder type of Waterbury 
primary cell. The zinc element, which is cylindrical in 
form, and the copper oxide cylinder, which goes inside 
of the zinc element, are illustrated at the right, as is. 
also the method of suspending the elements from 
the cover. 
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When this type of Waterbury primary cell is dis- 
charged, the zinc cylinder is reduced to a thin shell 
and the upper and lower edges begin to crumble away. 
The extent of these actions indicates to what degree 
the capacity of the cell has been exhausted. 

In renewing the cells, the exhausted zinc and copper 
oxide elements are detached from the cover, the old 
solution is emptied from the jar, and new zinc and 
copper elements are attached to the cover after the 
jar, the cover and the nuts have been cleaned. The 
cell can then be set up according to the directions for 
new cells. 
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CHAPTER X 

STORAGE BATTERIES 

STORAGE batteries are of two general types. One, 
called the lead sulphuric acid type, has electrodes of 
peroxide of lead and finely divided sulphuric acid. There 
are two general subdivisions under which all storage bat- 
teries of the lead sulphuric acid type may be divided: 
(1) Plante and (2) Pasted (Faure). All lead batteries 
whose active material is obtained by means of chemical 
or electro-chemical action upon lead elements, and whose 
electrolyte is a solution of sulphuric acid and water, are 
of the Plante type. Those batteries in which the active 
material consists of a lead oxide paste, which is applied 
to a grid, are of the Pasted type. In the Plante (lead 
sulphuric acid) cells, the electrodes consist of (1) perox- 
ide of lead and (2) finely divided metallic lead, both of 
which are supported on lead supports in an electrolyte of 
diluted sulphuric acid. 

Each cell of the Plante or lead sulphuric type of bat- 
tery has a voltage, or electro-motive force, of approx- 
imately two volts, and an ampere hour capacity depend- 
ing upon the number and size of its plates. 

Storage batteries are used extensively for electric inter- 
locking plants, for operating draw bridges, for signal 
lighting, for track circuits, and for operating bells, elec- 
tric locks and signals. They are either charged by a 
portable charging outfit, or the cells are transported to a 
stationary charging outfit and there renewed. In the 
meantime, exchanged cells are used to take the place of 
those under charge. 
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When storage battery is used in operating track circuits, 
it is necessary to insert a resistance in one or both battery 
leads to restrict the flow of current and prevent the bat- 
teries from becoming exhausted by the passage of a 
single train, or from being injured by overdischarge. As 
mentioned in the preceding chapter, with primary battery 
the internal resistance is high enough to prevent this. 

Installation and Operation of Storage Batteries in 

Signal Service 

The Railway Signal Association, in 1908, included in- 
structions for installing, operating and caring for storage 
battery, and these instructions are given complete below : 

Storage batteries are used in connection with interlock- 
ing and block signals. 

* In interlocking plants the batteries are permanently 
located at the working points and charged from a central 
source of power. 

In automatic work, batteries are used in three ways : 

1. Battery permanently located at working point and 
charged from transmission line. 

2. Battery permanently located at working point 
and charged from primary cells. 

3. Battery located at working point on discharge only, 
and removed to power source for recharge.. 

The batteries for interlocking plants, and applications 
No. 1 and No. 2 for block signals, are never moved and 
are termed ''stationary batteries." 

The batteries for class No. 3 in block signals require 
a battery which can be readily handled and moved from 
place to place, and therefore are termed "portable 
batteries." 
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Installation of Stationary Batteries — ^The battery 
should be in a space by itself, as the acid fumes given 
off during the charge are of a corrosive nature. This 
space should be well ventilated, well lighted, and as dry 
as possible. If the space is specially constructed, it should 
contain no metal work other than lead. If this is not 
possible, then such metal parts should be protected by at 
least two coats of acid-proof paint. The floors of a large 
battery room should be preferably of vitrified brick, 
jointed with pitch. 

The batteries should be placed in rooms of uniform 
temperature, preferably 70 deg. F. Low temperature 
does not injure a battery, but lowers its capacity approx- 
imately one-half per cent per degree. Excessively high 
temperature shortens the life of the plates. 

If the batteries are in glass jars and not of the two- 
plate type, the following directions should be observed in 
installing them : 

Batteries up to 400 a. h. capacity shall be placed in 
glass jars. All batteries shall be for an eight-hour rate 
of discharge at 70 deg. F. 

For a battery of greater capacity than 400 a. h., wooden 
tanks shall be required and should be covered by special 
specifications. 

In batteries of a large number of cells, such as in inter- 
locking plants, substantial wood racks should be pro- 
vided to support the cells. These racks should prefer- 
ably be made of long-leaf yellow pine with non-corrosive 
fastenings, and thoroughly protected by at least two coats 
of acid-proof paint. The cells should be arranged trans- 
versely, and the layout of cells should be such that each 
cell is accessible for inspection, and that there is sufficient 
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heaxl room over each cell to remove the element without 
moving the jar. 

Each jar is set in a tray which has been evenly filled 
with fine dry bar sand, the trays resting on suitable 
insulators. 

When placing the positive and negative groups into the 
jars, see that the direction of the lugs is relatively the 
same in each case, so that a positive lug of one cell 
adjoins and is connected to a negative lug of the next cell, 
and so on throughout the battery. This insures the 
proper polarity throughout the battery, bringing a posi- 
tive lug at one free end and a negative at the other. 
• Before bolting the battery lugs together, they should 
be well scraped at the point of contact to insure good con- 
ductivity and low resistance of the circuit. The connec- 
tor studs should be covered with vaseline before being 
screwed up, and the entire connections covered with 
vaseline or suitable paint. 

Before putting the electrolyte into the cells, the cir- 
cuits connecting the battery with the charging source 
must be completed, care being taken to have the positive 
pole of the charging source connected with the positive 
end of the battery, and so with the negative poles. The 
electrolyte should cover the top of plates by one-half 
inch. 

Electrolyte: The electrolyte shall be of a quality and 
specific gravity approved by the battery manufacturer. 

If it is not practicable to obtain approved electrolyte, 
tests for the purity of the supply obtained should be made 
before it is used. Specifications for tests will be found 
under the heading, "Specifications for Tests for New 
Electrolyte." 

Initial Charge: The initial charge should follow the 
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manufacturer's instructions. The charge should be 
started promptly as soon as all the cells are filled with 
electrolyte, and all connections made, usually at the nor- 
mal rate, and continued at the same rate until both the 
specific gravity and voltage show no rise over a period 
of ten hours, and gas is being freely given oflF from all 
the plates. The positive plates will gas sometimes before 
the negatives. Generally, to meet these conditions, from 
forty-five to fifty-five hours' continuous charging at the 
normal rate will be required; and if the rate is less, the 
time required will be proportionately increased. In case 
the charge is interrupted, particularly during its earlier 
stages, or if it is not started as soon as the electrolyte is 
in the cells, the total charge required (in ampere hours) 
will be greater than if the charge is continuous and is 
started at once. 

As a guide in following the progress of the charge, 
readings should be regularly taken and recorded. The 
gassing should also be watched, and if any cells are not 
gassing as much as the surrounding cells, they should 
be carefully examined and the cause of the trouble re- 
moved. The temperature of the electrolyte should be 
closely watched, and if it approaches 100 deg. F., the 
charging rate must be reduced or the charge temporarily 
stopped until the temperature lowers. 

The specific gravity will fall after the electrolyte is 
added to the cells, and will then gradually rise as the 
charge progresses, until it is up to 1210 or thereabouts. 

The voltage of each cell at the end of the charge will 
have risen to its maximum, and usually will be between 
2.50 and 2.70 volts, and for this reason a fixed or defi- 
nite voltage should not be aimed for. 
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If the specific gravity of any of the cells at the com- 
pletion of the charge is below 1205 or above 1215, allow- 
ance being made for the temperature correction, it should 
be adjusted to within these limits, by removing and add- 
ing electrolyte if specific gravity is low, and adding pure 
water if the specific gravity is high, to again bring the 
surface at the proper height above the top of the plates. 

It is of the utmost importance that the initial charge 
be complete in every respect. 

Note : In the case of batteries charging from pri- 
mary cells, if possible, the initial charge should be given 
at a place where direct current is available of sufficient 
voltage to carry through the charge at the normal rate 
(see general instructions), the cells then being trans- 
ferred to their permanent position. 

Two-Plate Cells: The general method of installation 
is the same as the above, with the following exceptions : 

Each cell contains one positive and one negative, the 
positivc'of one jar being solidly connected by a lead strap 
to the negative plate of the adjoining jar, and conse- 
quently no connectors are required. At the ends of each 
row there is one free positive plate and one free nega- 
tive plate, respectively, which constitute the positive and 
negative terminals of that row. Connections to these 
terminals are made with bolt connectors. 

For the installation of very large batteries, where 
tanks are used, it is customary to support the tanks on 
a double tier of glass insulators. The plates are shipped 
separately and assembled one at a time in the tank and 
burned solidly to a heavy lead bus bar by means of a 
hydrogen flame. It is recommended, when installations 
of this kind are required, that the battery manufacturers 
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install the battery in accordance with their standard 
practice. 

Installation of Portable Batteries — 

Initial Charge: The initial charge should follow the 
manufacturer's instructions. If, as is the usual practice, 
the battery is shipped with the electrolyte (sol.ition) in 
the cells, immediately upon receipt remove the v£nt plugs 
from each cell, and if the electrolyte does not cover the 
plates, add sufficient pure water until the plates are cov- 
ered one-half an inch. Although the battery is fully 
charged before shipment, it is advisable to give it a five- 
hour charge at the normal rate, as given on the name 
plate. 

If, however, the battery is shipped "dry," or without 
the electrolyte in the cells, and equipped with rubber 
separators, it should usually be put in service as follows : 
Fill the cells slowly with electrolyte of 1170 specific 
gravity (see note) until the plates are covered one-half 
inch, and then immediately start the charge at one-half 
normal rate, and continue until the voltage of each cell 
has ceased to rise and the cells have been gassing freely 
over a period of ten hours, and there is no further rise 
in the specific gravity over the same period. About sev- 
enty hours at one-half the normal charge rate will be 
required to complete the charge. If the rate is less than 
this, the time required will be proportionately increased. 

If the temperature of the electrolyte rises to 110 deg. 
F. during the charge, the current should be reduced or 
stopped until it lowers. After the completion of the 
charge, adjust the specific gravity to between 1275 and 
1300, with the electrolyte at the proper height (one-half 
inch above the plates). 

Note: If the battery is assembled on the ground, and 
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wood separators are used, then the electrolyte used for 
filling should be of 1210 sp. gr. If rubber separators are" 
used, the electrolyte used for filling should be 1710 sp. gr. 

Routine Instructions for the Operation and Care of 
Storage Batteries in Interlocking Plants — 

Pilot Cell: In each battery select a readily accessible 
cell, to be used in following the daily operation of the 
battery, by taking specific gravity readings of the elec- 
trolyte, as given below. Keep the level of the electrolyte 
of this cell at a fixed height, one-half inch above the top 
of the plates, by adding a small quantity of pure water 
each day. This is extremely important. 

Charging: As a general rule, do not charge until the 
gravity of the pilot cell has fallen at least ten points 
(.010 sp. gr.) below the preceding overcharge maximum 
(see "Overcharge" below), the battery then being about 
one-third discharged. 

In any case, charge as soon as possible after reaching 
either of the limits given below under "Discharging," or 
if for any reason a heavy discharge is expected. 

Regular Charge : Charge at the normal rate of 

amperes, or as near as possible, and continue until the 
gravity of the pilot cell has risen to three points below 
the maximum reached on the preceding overcharge, when 
the charge should he stopped. For example, if the maxi- 
mum gravity on the overcharge is 1207, the gravity 
reached on regular charge should be 1204. The cells 
should be all gassing moderately. 

Overcharge : Once every two weeks, on , 

prolong the regular charge until fifteen-minute readings 
of the gravity of the pilot cell and of the battery voltage, 
taken from the time the cells begin to gas, show no rise 
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on five successive readings, thus having been at a maxi- 
mum for one hour. 

Note: When the above method of overcharge is not 
practicable, the overcharge may be given every sixth 
charge, provided the battery receives an overcharge at 
least once a month. In following this method — 
i. e., where the overcharge is given at intervals longer 
than two weeks and not less frequently than once a 
month, the regular charge should be prolonged until one- 
half hour readings of the gravity of the pilot cell and 
of the battery voltage, taken from the time the cells begin 
to gas, show no rise on seven successive readings, thus 
having been at the maximum for three hours. The cells 
should all be gassing freely. The overcharge should be 
given whether the battery has been in regular use or not. 

Charging in Series: If two or more batteries are 
charged together in series, care should be taken that each 
battery is cut out at the proper time. In other words, if 
one of the batteries discharges less than the other, it 
should not receive as much charge. 

Discharging: Never allow the gravity of the pilot 
cell to fall more than about thirty points below the pre- 
ceding overcharge maximum. As a rule, do not allow 
gravity to fall more than twenty points. 

Never allow the' voltage to go below 1.85 volts per cell 

when discharging at the normal rate ( amperes). 

If the rate of discharge is less than the normal rate, the 
voltage should not be allowed to go so low. 

Limiting voltage cells volts. 

Never allow the battery to stand in a completely dis- 
charged condition. 

Readings: Read and record the g^vity of the pilot 
cell and battery voltage just before the start and the 
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end of every charge, together with the temperature of the 
electrolyte. 

Properly to compare the gravity readings, they should 
be corrected to standard temperature, 70 deg. F., as fol- 
lows: Add one point (.001) for every three degrees 
above 70 deg. F., and subtract one point (.001) for every 
three degrees below 70 deg. F. 

Once every two weeks, after the end of the charge 
preceding the overcharge, read and record the gravity 
of each cell in the battery. 

Inspection: Carefully inspect each cell on the day 
before the overcharge, using a lamp on an extension cord 
for the purpose. Examine between the plates and hang- 
ing lugs to make sure that they are not touching, and 
also make a careful note of any peculiarity in color, etc., 
of the plates. 

Use a strip of wood or hard rubber in removing short 
circuits. Never use metal. 

Towards the end of the charge preceding the over- 
charge, note any irregularity of gassing among the cells. 
Any which are slow in gassing should be- investigated. 

Indications of Trouble: Falling off in specific gravity 
or voltage relative to the rest of the cells. 

Lack of or slower gassing on overcharge, as compared 
with surrounding cells. 

Color of plates markedly lighter or darker than in sur- 
rounding cells, except that sides of plates facing glass 
may vary considerably. 

In case of any of the above symptoms being found, 
examine carefully for cause, and remove at once. 

Report trouble of any description at once to 

Broken Jars: If a jar should break and there is no 
other to take its place, so that the plates will have to 
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remain out of service for some time, keep the negatives 
wet in a tub of water and allow the positives to dry. 
Connect into circuit again just before a charge, so that 
the plates will receive the benefit of the charge. 

Other Important Points: The plates must always be 
kept covered with electrolyte. Use only pure water, pre- 
ferably distilled, to replace evaporation. 

Never add electrolyte except under the conditions ex- 
plained in the general instructions. 

Never allow the sediment to get up to the bottom of 
the plates. Remove when the clearance has reached one- 
half an inch. 

Ventilate the room freely, especially when charging. 

Never bring an exposed flame near the battery when 
charging. 

Never allow metals or impurities of any kind to get 
into the cells. If this has happened, remove at once, 
wash the plates and replace the electrolyte. 

Fill out the report sheets regularly. 

Read the general instructions carefully. 

Routine Instructions for the Operation and Care 
of Storage Batteries in Block Signal Service, Central 
Charging Plant — 

Charging: When to charge: Unnecessarily frequent 
charging should be avoided; but to insure a reserve in 
case of emergency, it is advisable not to take out on dis- 
charge more than one-third capacity, this being indicated 
by the fall of the specific gravity of the electrolyte. The 
fall in gravity is in proportion to the ampere hours dis- 
charged, and for a discharge equal to one-third capacity 
is approximately ten points (.010 specific gravity). How 
frequently each circuit or series of batteries should be 
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charged will be governed by the battery in the circuit 
having the greatest average amount of discharge.. Hav- 
ing determined which battery first shows a drop in grav- 
ity from full charge to the regular working limit (not 
exceeding ten points), charge often enough to prevent 
the gravity of the battery from falling below this limit. 

Regular Charge : Charge at an average rate of 

amperes for hours (this being the time required 

to bring the battery having the greatest discharge up to 
full charge, as indicated by the specific gravity and volt- 
age ceasing to rise). 

Overcharge : Once every two weeks prolong the regu- 
lar charge for three hours. 

Discharging: As a general rule, do not continue the 
discharge after the gravity of the battery receiving the 
most discharge has fallen more than ten points from 
maximum. Never, however, except in case of emer- 
gency, allow the gravity to fall more than thirty points 
from maximum, or the voltage below 1.85 volts per cell, 

when discharg^ing at the normal rate ( amperes). 

If the rate of discharge is less than the normal rate, the 
voltage should not be allowed to go so low. 

Readings: Once a month, on the day before the over- 
charge, read and record the gravity of each cell of each 
battery on the circuit, together with the average tempera- 
ture of the electrolyte. 

Properly to compare the gravity readings, they should 
be corrected to standard temperature, 70 deg. F., as fol- 
lows : Add one point (.001) for every three degrees above 
70 deg. F., and subtract one point (.001) for every three 
degrees below 70 deg. F. 

Inspection: Carefully inspect each cell once a month, 
on the day before the overcharge. Examine between the 
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plates and hanging lugs to make sure that they are not 
touching, and also make a careful note of any peculiar- 
ity in color, etc., of the plates. Always use a strip of 
wood or hard rubber in removing short circuits. Never 
use metal. 

In case a battery or individual cell is found to be in 
poor condition, due to overdischarge, short circuits, im- 
purities in the electrolyte or sediment touching the plates, 
it may be well or advisable to remove it to the charging 
plant for treatment, first substituting in its place a fully 
charged battery or cell, or else a portable set kept for the 
purpose. (For treatment of low cells, see "General 
Instructions.") 

The instructions under the headings, "Indications of 
Trouble," "Broken Jars," and "Other Important Points," 
are the same as those for storage batteries in interlocking 
plants, given on a preceding page. 

Routine Instructions for the Operation and Care of 
Batteries in Signal Service — Charging from Primary 
Cell— 



Operation: For regular operation, sufficient primary 
cells (connected either in single series or in multiple 
series) should be installed to maintain the storage cells 
at approximately a constant state of charge, as shown by 
the specific gravity of the electrolyte remaining at about 
the same point. If the gravity falls oflF, there is a lack 
of sufficient charge. The voltage per cell should average 
between 2.08 and 2.12 volts. A higher average than this 
shows that the battery is receiving too much charge, 
which is also indicated by a constant slight gassing. A 
lower average voltage indicates insufficient charge, result- 
ing in the falling oflF in gravity referred to above. 
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The gravity of the cells operating as above, in a fully 
charged state, should be between 1205 and 1215 at nor- 
mal temperature (70 deg. F.), with the electrolyte one- 
half an inch above the plates. Should there be an unusual 
drop in the gravity — say from ten to fifteen points (.010 
to .015 sp. gr.) below the normal, or of the voltage be- 
low 1.95 volts per cell, the cause should be investigated. 

Readings: At intervals, not exceeding one month, 
read and record, on a suitable form, the gravity and 
voltage of each storage cell, together with the tempera- 
ture of the electrolyte, and by means of a portable 
ammeter read and record the charging current delivered 
from the primary cells. 

Properly to compare the gravity readings, they should 
be corrected to standard temperature, 70 deg. F., as fol- 
lows: Add one point (.001) for every three degrees 
above 70 deg. F., and subtract one point (.001) for every 
three degrees below 70 deg. F. 

Inspection: At the time the readings are taken, inspect 
each storage cell, examining between the plates and hang- 
ing lugs to make sure that they are not touching, and 
also make a careful note of any peculiarity in color, etc., 
of the plates. 

Always use a strip of wood or hard rubber in remov- 
ing short circuits. Never use metal. 

See that the cell connections are clean and tight. 

In case a battery or individual cell is found to be in 
poor. condition, due to overdischarge, short circuits, im- 
purities in the electrolyte or sediment touching the plates, 
it will be advisable to remove it to some central point 
where it can be treated to better advantage, substituting 
in its place a fully charged battery, or else a portable set 
kept for the purpose. 
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The instructions under the headings, "Indications of 
Trouble," "Broken Jars," and "Other Important Points," 
are the same as those for storage batteries in interlocking 
plants, given on a preceding page. 

Routine Instructions for the Operation and Care of 
Portable Storage Batteries in Signal Servicer— 

When to Charge: Charge each battery frequently 
enough to keep the specific gravity of the electrolyte from 
falling more than eighty points (.080 sp. gr.) below what 
it read when fully charged, the battery then being about 
two-thirds discharged. For instance, if the gravity when 
fully charged is 1300, do not allow it to fall below 1220. 

In any case, the battery should be charged once a 
month, whether it is in use or not. If the battery has 
been idle, it should be charged before being put into 
service again. 

Charging: Remove the vent plugs before charging. 

Charge at the rate of amperes. Aftef the cells 

begin to gas, read and record the gravity and voltage of 
each cell every two hours, continuing to charge until 
three of these readings are alike. 

If the time for charging is limited, the charge may be 

started at amperes, reducing the rate to 

amperes when the cells begin to gas, and continuing the 
charge until four readings of the gravity and voltage, 
taken every two hours, are alike. 

The cells should all be gassing freely at the end of 
charge. 

Do not allow the temperature of the electrolyte to 
exceed 100 deg. F. while charging. If it tends to do so, 
reduce the charging rate or discontinue charging until it 
lowers. 

Discharging: Never, except in case of emergency, 
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allow the gravity to fall more than eighty points below 
what it read when last charged 

Readings: Record, on a suitable form, the specific 
gravity of each battery before starting the charge and 
at its completion, including, with the latter, voltage read- 
ings taken with the charging current flowing. 

Electrolyte: Replacing evaporation: Keep the plates 
well covered with electrolyte and use only pure water 
to replace evaporation. Never use electrolyte for this 
purpose. 

Adjusting Specific Gravity: The gravity of the elec- 
trolyte should, with the cells fully charged, be between 
1270 and 1300, and unless actually lost through spilling 
or a leaky jar, it should not need frequent adjustment. 
If, at the end of charge, the gravity does not rise to its 
normal value, the battery should be carefully inspected 
for short circuits or other troubles, and if any are found, 
they should be removed, and the charge continued until 
gravity ceases to rise. If no short circuits or other 
troubles are found, the gravity should be brought up to 
1300 by replacing some of the electrolyte with electrol3rte 
having a higher gravity. Should it read above 1300, it 
should be reduced by taking out a little electrolyte and 
replacing it with pure water. To accomplish the above 
result, it will generally be found more convenient to pour 
out all the old electrolyte and replace it at once with new 
electrolyte of the proper gravity. 

General Care: After a battery has been charged, the 
outside of the case and tops of jars should be carefully 
cleaned. The connectors should be taken apart and 
washed in a solution of bi-carbonate of soda and water 
and rinsed with water and, when dry, well oiled. 

The case should also be well oiled before the battery 
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is sent out. Oil should never be allowed to come in con- 
tact with soft rubber. 

Once each year each battery should be taken apart, the 
sediment removed from the bottom of the jar, and the 
plates and separators lightly washed before being re- 
placed. Any broken or damaged parts should be renewed. 
Do not allow the plates to dry. The old electrolyte can 
be used again, adjusting it to the proper gravity at the 
completion of the charge, following the cleaning. Every 
second cleaning it is advisable to use new electrolyte. 

Indications of Trouble: Falling off in specific gravity 
or voltage relative to the rest of the cells. 

Lack of or slower gassing on overcharge, as compared 
with surrounding cells. 

Color of plates markedly lighter or darker than in sur- 
rounding cells, except that sides of plates facing glass 
may vary considerably. 

In case of any of the above symptoms being found, 
examine carefully for cause and remove at ofice. 

Important Points: Always fully charge. 

The plates must always be kept covered with electro- 
lyte. 

Use only pure water, preferably distilled, to replace 
evaporation. 

Never add electrolyte except under the conditions ex- 
plained above. 

Never allow the sediment to get up to the bottom of 
the plates. 

Ventilate the room freely when charging. 

Never bring an exposed flame near the batteries when 
charging. 

Never allow metals or impurities of any kind to get 
into the cells. If this has happened, remove at once, 
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wash the plates and replace the electrolyte. 
Fill out the record sheets regularly. 

Specifications and Tests for New Electrolyte — 

Color: The sample should be absolutely clear and col- 
orless, showing no dark color due to organic matter. A 
small amount of lead sulphate sometimes present, which 
shows as a white sediment, will do no hann. 

Odor: Shake up a closed flask or bottle partially 
filled with the electrolyte, and then uncork and note 
whether there is any odor. Sometimes sulphurous or 
nitric acid can be detected in this manner, and the fur- 
ther testing be very much shortened. 

Chlorine: To a sample of the electrolyte in a test 
tube add a few drops of nitric acid, and then a little sil- 
ver nitrate solution. Note the appearance when cold, 
and then boil. The sample should remain perfectly clear 
when cold, and show only a slight, if any, turbidity on 
boiling. 

Iron: To a few cc. of the sample in a test tube add 
weak potassium permanganate solution, drop by drop, 
until a faint pink color is permanent. Then add a little 
ammonium (or potassium sulphocyanate solution), when 
the presence of iron will be indicated by a red color. It 
is almost impossible to obtain acid which will not show a 
faint color by this test, as it is very delicate; but if the 
color is at all deep, the acid should be rejected or else 
submitted for a quantitative analysis. 

Oxides of Nitrogen: Take about five cc. of dipheny- 
lamin solution (one-half gram to 100 cc. c. p. sulphuric 
acid, 1.84 sp. gr., and 20 cc. distilled water) in a test 
tube, and carefully pour in about an equal volume of the 
electrolyte to be tested. The presence of oxides of nitro- 
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gen, or nitric acid, is shown by a deep blue* color at the 
intersection of the two liquids. 

Heavy Metals (Platinum, Copper, etc.), Arsenic, Sele- 
nium and Sulphurous Acid: Treat about 100 cc. with 
hydrogen sulphide until thoroughly saturated. The solu- 
tion should remain perfectly clear and show no color or 
precipitate. A negative result shows absence of heavy 
metals, also arsenic, selenium and sulphurous acid. A 
very slight separation of sulphur may be neglected ; but if 
the solution becomes quite turbid, sulphurous acid should 
be tested for as follows : Place some of the electrolyte 
in a small narrow-necked flask and add some finely di- 
vided pure zinc. Test the gas evolved with filter paper 
saturated with lead acetate solution. If the paper turns 
brown or black, sulphurous acid is presen4:. 

Note : It should be understood that these tests are for 
new electrolyte which has not previously been used in a 
battery. If the results obtained from any of the several 
tests are such as to allow of any uncertainty regarding 
the suitability of the electrolyte, a sample (at least eight 
ounces) should be submitted to the battery manufacturer; 
likewise any samples of old electrolyte from cells in which 
the presence of impurities is suspected. 
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CHAPTER XI 

RELAYS 

THE Signal Dictionary defines a relay as "an elec- 
tro-magnet designed to repeat the effects of one 
electric current in a second circuit.'' In a track cir- 
cuit relay which is adjusted to operate on the passage 
of a weak current, the attracting or dropping of the 
armature opens a strong local circuit which operates 
the signal. A relay which has a number of contacts 
may control a number of secondary circuits. When 
the armature of a relay is "picked up," the front con- 
tacts are closed, and when the current is shunted out 
of the relay, the armature drops, closing the back 
contacts. The armature drops away from its pole 
pieces by gravity when the attraction is withdrawn. 
There are a number of different kinds of relays, 
among which are the ordinary neutral relay, the polar- 
ized relay, the interlocking relay^ and the mercury 
contact relay, which are direct current relays, and the 
vane relay, the frequency relay and the polyphase 
relay, which are alternating current relays. 

Neutral Relay — The "neutral relay" is the name 
given to the ordinary D. C. relay with which we are 
familiar. It is a direct current electro-magnetic relav 
whose armature is attracted to the pole pieces when- 
ever there is ciirrent in the relay coil, regardless of 
the direction of the current. 

In Figure 08 No. 13 is the coil through which the 
electric current passes when the relay is energized; 
and when current is passing through the coils, pole 
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pieces No. 5 attract armature No. «. Armature stops, 
made of bone, brass or phosphorus bronze, are 
placed in the ends of the pole pieces to overcome 
residual magnetism and to prevent the armature from 
sticking. 




« fig— Nculral Relay. 



THE SIGNALMAN AND HIS WORK 

As shown, the relay is de-energized — that is, no cur- 
rent is flowing in the coil; and armature No. 6 has 
dropped down, carrying with it front contact fingers 
No. 4 and breaking- the front contact, back contact 
No. 3 at the same time having made connection by 
dropping onto a shelf of the binding post. 

When the relay is energized^ — that is, when current 
is flowing through the coil — armature No. 6 will be 
attracted to pole pieces No. 5 and will thus raise con- 
tact fingers No. 4, so that the contact fingers will be 
lifted against contact point No. 1 on the binding post. 
The contact at No. 1 is the front contact, and that at 
No. 3 is the back contact. Contact points No. 3 and 
No. 1 are made of platinum, and the front contact 
points are generally cut into three parts, so that a 
better contact may be assured in case the entire point 
does not riiake a good connection. 

It will be noted that when the relay is de-energized, 
as shown in this illustration, the current is passing 
from binding post through the contact fingers and back 
contact No. 3 to the other binding post. 

When coil No. 13 is energized and the relay armature 
is picked up, the current will go from binding post 
through the fingers and to opposite binding post. Thus 
the circuits attached to these binding posts are made or 
l^roken as the armature falls or rii^es. Platinum is used 
on contact points because it gives a better electrical con- 
nection. 

The relay is said to be closed when it is energized, . 
when armature No. G is attracted up against pole 
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pieces at No. 5, and when a connection is made at 
front contact No. 1. When the armature has dropped 
'iway from pole pieces and contact has been made at 
No. 3, the relay is said to be open. 

Polarized Relay — The polarized relay is so named 
because its polarized armature is a permanently mag- 
netized piece of metal. We have seen in the chapter 
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on magnetism that like poles of two magnets repel 

each other, and unlike poles attract each other. With 
the polarized armature, when the current is flowing 
through the coil of the relay in one direction, what 
we may call positive magnetism is established; and 
when the current is going through in the opposite 
direction, negative magnetism is established. In one 
case the end of the armature is attracted to one pole, 
and in the other case the armature is attracted to the 
opposite pole; 

The cwdinary relay armature is of soft iron, which 
retains magnetism but slightly, and which is therefore 
attracted by either the positive or the negative mag- 




t 70— Interlocking Relay. 
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netism set up by the current flowing in either direc- 
tion. 

Interlocking Relay — The interlocking relay consists 
of two relays mounted upon a single base and so ar- 
ranged that the armature of one can be made to inter- 
lock or lock the armature of the other. This relay is 
used where it is desirable to lock one armature in posi- 
tion when the other armature is in a certain position. 







Figure 71 illustrates the normal condition of an 
interlocking relay when the coils are energized with 
the armatures "picked up" and the controlling track 
sections unoccupied. *'K" and **L" are the magnet 
heads of the two electro-magnets of the relay. **D" 
and '7" ^^^ the armature bars which are hinged to 
"K" and **L" and carry the contact arms "E'* and 
-Qr which are insulated from "D" and "J." "H" 
and 'T ' represent the interlocking arms, carried by 
*'D" and *'J," and engage the locking pawl "F" under 
certain conditions hereafter noted. "M" and "N" are 
graphite to platinum or platinum to platinum contacts 
connected to binding posts of the relay, to which 
external wires are fastened by thumb and jam nuts. 
A train is represented approaching the track section 
"AB" at ''A." 

Figure 72 illustrates the condition of the part? 
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of the relay above noted after a train has entered 
the track section **AB" and is continuing on toward 

The coils of magnet "K'' are de-energized and the 
armature "D" has fallen away from the magnet head 
and made back contact with the post "M/* The inter- 
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Figure 72. 




locking arm "H** in falling throws locking pawl "F" 
to the position shown, thereby providing^ for the 
interference of this pawl and interlocking arm "I/* 
preparatory to the condition shown in Figure 73. 

Figure 73 shows this condition as th^ train enteis 
the section *'BC'* and short circuits the coils of "L." 
The train at this instant will hold both relays open; 
but the armature "J" cannot fall far enough to make 
back contact between ''H" and "C since the inter- 
locking arm "I" has caught on the pawl *'F." This 
condition will remain until the train clears section 
"AB/' as shown by F'igure 74. 
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In Figure 74 the train has passed out of section 
"AB" entirely, in consequence of which the armature 
"D*' picks up and opens the contact between "M" 
and "E," thereby breaking the local circuit passing 
through "M" and *'E." If it is a bell circuit, the bell 
will stop ringing. The armature "J" remains down 
and locked as heretofore shown. 

As the train clears the section "BC," the armature 
'']'' will rise and the relay will be in its normal con- 
dition, as shown by Figure 75. 
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A train movement from "C" towards **A" will 
operate the relay in a similar manner, but the closed 
local circuit will be through the contact "NG,'' the 
interlocking arm *'H'' being locked by the pawl 'T." 

Interlocking relays are chiefly used to control cross- 
ing alarm bells, etc. They are seldom used as part 
of an automatic block system owing to the nature of 
their construction. When there is a crossing-bell 
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installation in automatic territory, the best practice 
is to control the interlocking relay from adjacent track 
relay contacts. 

Mercury Contact Relay — The mercury contact relay 
is one in which the armature makes a contact throuo^h 
mercury instead of through the ordinary materials 
used for contact. 

Slow Releasing Relays — A slow releasing relay (D. 
C.) is used where it is desired to have the armature 
held up for a short time while the current is being 
changed, as in a polarized track circuit. 

In this type of relay, copper tubes, around which 
insulated copper wires are wound, are placed over the 
iron cores. A secondary electric current is produced 
in these copper sleeves; and when the current is 
shorted out of the primary coil of the relay, the sec- 
ondary current in the copper sleeves holds up the 
armature for a short time, five to eight seconds usually, 
being sufficient. 

Differential Relay — A differential relay (D. C.) con- 
sists of a relay with two sets of coils, one having a 
higher resistance than the other. The armature is 
placed between the two coils and is attracted to the 
coil which exerts the greater attracting force. 

Compound Wound Relay — A compound wound 
relay (D. C.) is a relay in which the coils are wound 
as two separate units, connected in such a way that 
when the armature is down, a greater number of 
ampere turns are effective than is the case when it is 
raised. In the former case, the entire number of 
windings on the coils are in circuit, and in the latter 
case, only part of the ampere turns are in the circuit. 
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The relay is so arranged that the stronger current 
is used to attract the armature, but the weaker cur- 
rent is used to retain it. The purpose of the com- 
pound wound relay is to save energy after the relay 
is closed, less current being necessary to hold the 
armature up than is required to pick it up. 

Solenoid Relay— The solenoid relay (D. iS.) is Dased 
upon the principle of a solenoid, which consists of a 
coil of wire in which an iron core is inserted, the 
core being movable endwise. This movable iron core 
will be drawn inward by magnetic attraction. It 
may be withdrawn by a spring, but it is usually so 
arranged that it will drop down by gravity. This 
movement of the core is used to make and break the 
relay contacts. 

Construction of Relay Coils — The coils of relays are 
protected by lightning arresters. If lightning should 
get into the coils, it would be a case of installing a 
new relay. The wire of which relay coils are wound 
is usually double-cotton covered, and after the coils 
are wound, they are impregnated in an insulating 
compound which eliminates all moisture and affords 
high insulation between the windings. - 

Alternating Current Relay — ^The alternating cur- 
rent relay is a relay designed to respond to and op- 
erate only on alternating current. It will operate only 
on alternating current of the frequency for which it 
was designed, and it is not affected by direct current. 

Frequency Relay — The frequency relay is a type 
of alternating current relay which operates only on a 
certain frequency. The frequency is the number 
of cycles or alternations per second in an alternating 
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current. The frequencies most commonly used in 
commercial work are 25 cycles and 60 cycles per 
second. A frequency relay so made that it will op- 
erate on 60-cycle current will be unaffected by alter- 
nating current of 25 cycles or any other number of 
cycles under 30. , 

On an electric traction having a propulsion current 
of 25 cycles, the signaling current (in the U. S.) would 
be made 60-cycle, and a frequency track relay designed 
to operate on 60-cycle current would be provided. 

Polyphase Relay — A polyphase relay, as its name 
implies, requires more than one phase to operate it. 
For example, an A. C. track relay has a local phase 
(110 or 55 volts) and a track phase (about 5 to 10 
volts). The difference in phase produces torque. A 
line relay is usually split phase. 

Vane Relay — The vane relay is a type of alternating 
current relay in which a light metal disc, or vant, 
either solid or perforated with radial slots, is caused 
to move between the pole pieces of a magnet to close 
the contacts when the windings are energized, or to 
open the contacts when the windings are de-energized. 
The movement of the vane in this relay is similar to 
the movement of the watt-meter vane. 

Pick-Up and Drop-Away Points — The pick-up point 
of a relay is the current required in its coils to pick 
up its armature. The drop-away point of a relay is 
the point at which the armature is released when the 
current is reduced. 

It is plainly evident that if we increase the air gap 
between the armature and the pole pieces, it will 
require a greater amount of current to raise the arma- 
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ture, because the magnetism is strongest close to the 
pole pieces and decreases as the distance from the pole 
pieces increases. Thus if the air gap between the 
armature and the pole pieces is increased, the pick-up 
point will be raised, and if the air gap is decreased, the 
pick-up point will be lowered. 

In some cases the pick-up or drop-away points are 
adjusted by increasing or decreasing the tension of 
the spring contact fingers. 

Testing — In Figure 76 is illustrated an adjustable 
resistance coil which is employed in testing relays for 
their pick-up and drop-away points. It is simply 
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Figure 76 — Adjustable Resistance Coil. 

necessary, with this adjustable resistance coil, to con- 
nect the wires of the current to the binding posts, and 
the value of the resistance is altered by moving the 
contacting slide to various positions. The resistance 
df a circuit can be varied by the fraction of an ohm 
with this instrument. 

In Figure 77 is shown a diagram of this resistance 
in the circuit. Note that the current starts from the 




Figure 77. 



positive side of the battery, goes through the relay, 
and then must pass through part of the resistance coil 
before it goes back to the battery. 
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'The sliding contact slide in Figure 76 is equivalent 
to moving point "P'* up higher on the coil (see Figure 
77) ; and the higher this point, the less coil there is in 
series with the circuit. Point 'T*' is therefore moved up 
until the relay attracts its armature, and then the resist- 
ance is read upon the scale. 



208 



o 



CHAPTER XII 

ALTERNATING CURRENT SIGNALING 

NLY one kind of current can be obtained from a 
battery — direct current. On the other hand, we 
may obtain either direct current or alternating current 
from an electric current generator. 

It is not economical to transftiit direct current long 
distances because a great deal of the power repre- 
sented in the circuit is lost in the resistance of the line 
wires. This is not the case with alternating current. 
It can be transmitted long distances without anywhere 
near the loss of power which occurs with direct cur- 
rent because of the ease of transiforming alternating 
current to a higher voltage and then reducing it again. 

The use of direct current in signaling has other draw- 
backs. Practically any- direct current will have some 
effect upon direct current instruments and apparatus. 
Thus there is always more danger of foreign currents 
with a direct current signaling system than with an 
alternating current signaling system, because with 
the latter system the relays and other instruments may 
be so designed that neither direct current nor any 
other alternating current but the one particular kind 
will operate them. 

The main difference of power supply between 
direct current and alternating current signaling sys- 
tems is that direct current is furnished by batteries, 
while alternating current is furnished by line wires 
fed by generators located at power houses, which may 
be a good many miles apart. 

Although alternating current signaling was first 
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developed to solve difficulties met with in signaling 
on electric railways, where the running rails are used 
for the return current, it has been adopted and used 
widely in steam railway signaling because of its 
greater safety and also because of a reduction in the 
amount of maintenance necessary. 

The direct current track circuit is generally con- 
ceded to have been invented by William Robinson of 
Brooklyn, N. Y., in 1872. Credit for the development 
of the alternating current track circuit, or at least for 
the type of relay which made its use po&sible, is gen- 
erally given to J. B. Struble. He invented the vane 
relay, which responds to an alternating signaling cur- 
rent, but is absolutely free from the possibility of clos- 
ing its contact when direct current passes through its 
coils. The first extensive trial of the vane relay and 
alternating current track circuit was made in a'bout 
1903. 

Alternating current proved a success in signaling on 
electric roads, and its safety and economy led to 
its introduction on steam railroads, the Union Pacific 
being the first one to install alternating current sig- 
naling (in 1906). Many of the roads are now using 
this system of signaling, and it bids fair gradually to 
supersede direct current signaling, especially where 
there are many other electrical circuits and where 
the danger of foreign current is greatest. 

Advantages of Alternating Current — It has been 
possible, in alternating current signaling, by the use 
of two-element relays, to give practically complete 
protection against broken-down 'insulated joints; also 
against troubles caused by residual magnetism (which 
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will cause an armature in a relay to stick and stay 
closed), because the alternating current apparatus can 
be made to work upon the induction principle, in which 
there is no contact between the moving part of a 
relay and its magnetizing coil. 

Track circuits up to 25,000 feet in length can be suc- 
cessfully operated by alternating current. Track bat- 
teries are dispensed with, and signal lamps can also 
be, the lights being lit from the alternating current 
mains. All this reduces the amount of attention 
required in maintenance. Furthermore, alternating 
current can be generated by a generator more cheaply 
than can direct current by batteries scattered along 
the roadside. 

Interruptions to one part of the signal system are 
not possible with alternating current signaling, except 
through line failures, which can be guarded against. 
It is easy to tell when there is a failure of the current 
with alternating current generated at a power house. 
The only way to discover that a battery has unexpect- 
edly gone dead is to go out and make an inspection. 

Practically constant voltage can be maintained with 
A. C. signaling. This is not true with direct current 
which comes from batteries, and where the voltage 
constantly drops from the time the cells are renewed 
until they are exhausted. 

Alternating Current Generator — A generator which 
produces alternating current is called an alternator, 
and it works upon the same principle as the direct cur- 
rent dynamo. Direct current generators, however, have 
to be provided with commutators in order to main- 
tain the flow of current constantly in one direction. 
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No commutator is necessary with the alternating cur- 
rent generator because the direction of the current 
is not maintained constantly, but, in fact, chAnges con- 
stantly. 

Figure 78 shows an end-fed alternating current 
track circuit. It will be noted that transformers con- 




nected with the power transmission line take the place 
of the batteries found in direct current signaling. 

Briefly, a transformer is an arrangement of coils 
on iron cores from which we can take off a current of 
higher or lesser voltage from a power transmission 
line. In an alternating current track circuit, the coila 
which feed the track circuits have less turns than the , 
coils which come off the power transmission line. The 
voltage of the track circuit current is governed by 
the number of turns of the secondary coils in the 
Iransformer. By making these of heavier wire, a cor- 
responding increase in current can be obtained from 
the secondary windings. 

The coils in the transformer do not touch each other, 
and the secondary coils are energized by "induction" 
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' — that is, by being placed in the magnetic field set up 
around the primary coil. 

Figure 78 is an end-fed track circuit; and it will be 
noted that from the same primary coil the current is 
ial:en off through two secondary coils, one secondary 
coil feeding the track circuit, and the other feeding the 
signal circuit. 

Figure 79 is a center-fed alternating current track 
circuit. When feeding from the center, it is not 
necessary to use such a high voltage, because the volt- 
age drop is measured by the length of the circuit from 
the source of power to the relay. When power is sup- 
 plied at the center of the circuit, the distance to the 
relay (one at each end of the circuit) is only one-half 
of what it would be were the power applied at one 
end and the relay placed at the other. 




Figure 79— Center-Fed A. C. Track Circuit. 

Double-Element Relay — The power which operates 
a track relay in direct current signaling comes entirely 
from the current in the track, which is furnished by 
the track battery. The same is true of the relays in 
Figures 78 and 79. 

But double-element relays have been designed to 
obviate carrying such a large current in the track 
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circuit, and their purpose is to help the track circuit 
current operate the armature of the relay. Thus the 
track circuit current does not have to do all the work. 
Part of the attraction for the armature (but not 
enough to raise it) is furnished by current from a line 
wire, operating in one element, or coil, of the relay. 
Therefore it is only the balance of power which must 
be furnished by the track circuit current. Since only 
a small amount of power is required in the track 
element of the two-element relay, comparatively little 
power is lost in the track circuit. Only a small voltage 
is necessary at the track transformer end of the track 
circuit. 

Both elements of these two-element relays must be 
simultaneously energized before any movement is 
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Figure 80 — Two-Element Two-Position Relay on an End-Fed Track Circuit 

produced in the moving member of the relay. The 
line element of the relay is energized all the time, but 
the track element is only energized when the track 
circuit is not shorted. Thus the contacts of a two- 
element track relay will never be closed except when 
current is flowing through the track clement as well 
as through the line element. 
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Figure 80 shows a two-element, two-position relay 
on an end-fed track circuit. 

Protection against breakdown in joint insulation is 
indicated in Figure 80. It will be noted that the 
polarities of track circuits **M'' and *'N'' are opposite 
at any given moment. If insulation joints "X** and 
'*Y'* were to break down, relay "B'' would be forced 
on its back contacts and thus would open the signal 
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Figure 81 — Track Circuits with Three-Position A. C. Relay. 

circuit. With a single-element relay, the current in 
both circuits would be in the same direction, and in 
case of an insulation breakdown enough current could 
get around to operate the wrong relay, although an 
apprpaching train would shunt this out and cause the 
signal to indicate **stop.'' 

Figure 81 shows alternating current track circuits 
where the three-position A. C. track relay takes the 
place of the polarized track relay used in direct sig- 
naling. Tracing through the circuits will show that 
this three-position A. C. relay fulfills the same func- 
tions as the polarized direct current relay. 

External Resistance Coil — In the alternating current 
system the transformer feeding the track has a com- 
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paratively low internal resistance. Therefore, with 
alternating current as with caustic soda or lead storage 
batteries, it is necessary to have an external resistance 
coil between the transformer and the track to cut down 
the short circuit current when the track circuit is 
occupied (shorted). With alternating current this 
resistance coil performs the same functions as it does 
.with the primary batteries mentioned above — it cuts 
down the flow of current. In direct current signaling 
this saves the battery, while in alternating current 
signaling it saves current and prevents the transformer 
from being overheated. 

Transformers — In transmitting power it is possible 
to send a given amount of power either by using a 
large current with a small voltage or by using a small 
current with a high voltage. In alternating current 
signaling systems, 2200 volts or higher is used. ' This 
voltage, of course, must be stepped down or trans- 
formed where used for operating the signal apparatus. 
A transformer used to take off the high voltage an4 
reduce it to lower voltage is called a "step-down"" 
transformer; and one which receives power at a low 
voltage and delivers it at a higher voltage is called a 
"step-up" transformer. 

The transformer in the simplest form consists of two 
coils of wire wound around the same iron core, as 
indicated in Figure 82. The transfer of power from 
the primary to the secondary coil is brought about 
by the magnetic flux produced in the iron ring by 
the alternating current flowing in the primary coil. 
This flux, or lines of force, being produced by alter- 
nating current, is constantly rising, falling and chang- 
ing directions. . It is thus continually cutting the turns 
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of wire composing the secondary coil, and in this way 
inducing an electro-motive force in the secondary. 

Transformer Construction — Below we show and 
describe various types of transformers, as described 
and illustrated in "Alternating Current Signaling" by 

Harold McCready. 

Types of Transformers — The essential elements of a 
transformer are the iron core, the coils and their 
insulations, the terminal board and leadout wires, and 
the case with its insulation. Depending on the rela- 
tive arrangement of iron core and coils, transformers 
may be classified as (a) core type, (b) shell type, or 
(c) distributed core type. In all cases, of course, the 
iron core is built up of laminations pointed on, both 
sides to minimize eddy current losses. 
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(a) Core type transformers: This construction is 
illustrated at the left of Figure 82, where it will be 
seen that both of the vertical legs of the iron core 
are surrounded by a winding. To cut down magnetic 
leakage, half of the primary and half of the secondary 
are wound, one over the other, on each leg, so that 
the coils may be said to be interlaced. 

(b) Shell type: This construction is shown in the 
middle of Figure 82. Here both primary and secon- 
dary are wound interlaced, one with the other, over 
the center leg of the iron core which almost entirely 
surrounds the coils. The illustration indicates plainly 
the fundamental diflference in the construction of these 
various types of transformers. 

(c) Distributed core type : This construction, 
illustrated at the right of Figure 82, is a combination 
of (a) and (b) above. The iron core consists' of four 
magnetic circuits of equal reluctance, in multiple, and 
each circuit consists of a separate core. One leg of 
each magnetic circuit is built up of two different 
widths of punchings, forming such a cross section 
that when the four circuits are assembled together, 
they interlock to form a central leg, upon which the 
winding is placed. The four remaining outside legs 
surround the coil at equal distances from the center 
on the four sides. The complete core, with its coils 
and terminals, is shown in Figure 83.- 

As to the relative advantages of core and shell 
types, it may be said that the core type has a lighter 
core of smaller sectional area than the shell type, so 
that more copper with a larger number of turns is 
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required with the core type, although the turns are 
of a lesser mean length. Then, again, cylindrical 
(round) form wound coils can be rapidly wound for 
the core type, and these coils have a large surface 
exposed for cooling. Altogether, the core type, with 
its large available winding space, is better adapted for 
high voltages which require many turns with consid- 
erable space for insulation. The shell type, on the 
contrary, is particularly suited to transformers of 




moderate voltage, requiring few turns and little insu- 
lation. The distributed core type combines the best 
features of both core and shell construction: i. e., a 
short mean length of turn in the coils, and a short 
length of magnetic circuit. The magnetic circuit is 
of very low reluctance since the four circuits are all 
in multiple. 

The types of signals used and the method of opera- 
tion are similar in alternating current signaling and 
direct current signaling. The operating mechanisms, 
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the motors, the relays, etc., are different, as are also 
the devices which hold the signal in position after it 
has been operated. The actual construction or mech- 
anism of the signal itself is the same. In fact, most 
signals are so made as to be easily convertible from 
direct current operation to alternating current opera- 
tion through a simple interchange of motors and slots. 
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CHAPTER XIII 
OPERATING TRAINS BY SIGNAL INDICATION 

AS STATED before, the object of signaling is to 
expedite traffic and at the same time to promote 
safety. We have seen how signals do this in the per- 
missive block signal system by allowing trains on 
double track to follow each other at short intervals 
and with safety. 

We have seen how the capacity of a single-track 
road may be increased greatly by the installation of an 
absolute permissive block, which allows following 
trains to operate on single track exactly as they do 
on double track under the permissive signal system, 
but which sets up an absolute stop signal against a 
train entering a section after the opposing train has 
entered the section at the opposite end. This pre- 
vents any back-up movements such as might be neces- 
sary where signals are installed simply with an over- 
lap sufficient to prevent head-on collisions. 

All of these methods of expediting traffic, of course, 
depend upon train dispatching. In other words, the 
train dispatching must take advantage of the way the 
signals operate in order to secure the desired benefits. 

Superiority of Trains — Trains are superior by right, 
class and direction : Right is conferred by train or- 
der; class and direction by time table. As long as 
regular trains are proceeding according to schedule, 
or nearly so, no orders are issued to them (except for 
some special reason). It is not necessary for a dis- 
patcher to order one train to follow another into a 
block on a permissive signal. Actually, the following 
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train would enter the block as soon as the leaving sig- 
nal displayed a "proceed" indication — "clear" or "cau- 
tion" — provided the time table and its orders did not 
conflict with such movement. 

In operating trains by signal indication "superiority" 
of trains is dispensed with and all trains are moved by 
signal indications in accordance with instructions given 
by the dispatcher (usually by telephone) to local opera- 
tors or levermen at interlockings. The advantage of 
this arrangement is especially apparent in cases where 
a superior train is behind schedule, which, under the 
superiority rules, would delay every train on the division 
if single track, or every train in the same direction if on 
double track. Under the proposed method of operation, 
the dispatcher can issue proper instructions as conditions 
may require from time to time. The ideal method of 
directing trains is to have (1) automatic block through- 
out; (2) interlocking plants at each station — the home 
::ignals being semi-automatic and interconnected with the 
automatic block system; (3) all superiority of trains dis- 
pensed with ; (4) dispatchers to issue instructions to 
operators or levermen, who direct train movements 
by (5) signal indications. 

No. 31 and No. 19 Train Orders— A form No. 31 
order is not completed or mad»e effective until after 
the conductor has read the order and signed it, and the 
whole has been repeated to the dispatcher, who then 
gives "complete." This form, of course, requires the 
irain to stop and wait until the order is "completed." 

The No. 31 order affords a high measure of safety 
and is used mostly in non-automatic block territory in 
cases where the time-table rights of a superior train 
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are to be restricted. On account of the high degree 
of safety provided by automatic signals, the No. 31 
order has been largely superseded by the No. 19 train 
order in automatic block territory. 

The No. 19 order is "completed" as soon as it has 
been repeated back to the dispatcher by the operator, 
and it is delivered to the engineer and conductor of a 
moving train, together with a clearance card, both of 
which are placed on a hoop. 

The superiority or rank of trains is well understood 
by the trainmen on any division, and they realize just 
what trains have precedence over theirs, and under 
ordinary circumstances they know about where they 
must make sidings in order to let superior trains by. 

With the intelligent use of this information, supple- 
mented by the knowledge which the trainmen get with 
respect to the progress of regular and extra trains, it 
is possible greatly to accelerate traffic by the use of 
No. 19 train orders, which do not require trains to 
stop except at stations, or where necessary to let other 
trains by, rather than No. 31 orders, which require 
trains to stop and sign even when the next section 
ahead may be clear and ready for their entrance. 

It has been suggested that this acceleration of 
traffic by the use of the No. 19 order instead of the No. 
31 indicates a way whereby train orders may be al- 
most entirely done away with on tracks equipped with 
the proper system of automatic signaling. 

Advantages — There are several points in favor of 
this method of operation and, of course, some argu- 
ments against it. When the engineman receives a 
train order, it calls for both instant and deferred ac- 
tion, and he is more liable to forget that which calls 
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for deferred action' — as, for instance, meeting a train 
a good many miles in advance. The indication of 
the signal calls for no deferred action. 

The C. B. and Q. began operating trains on double 
track between Chicago and Burlington as early as 
1900 without written train orders and by signal indi- 
cation. 

Several years' trial showed a large saving in time, 
because the necessity of waiting for a train of superior 
class, which might or might not be on time, was re- 
duced. There was a simplification of the train dis- 
patching and also an elimination of the delay caused 
in waiting for authorization to proceed when an oppoar 
ing train was delayed and unable to make the as- 
signed passing point. 

One of the officials of this road stated in 1911 : "Our 
scheme of running trains on double track by block 
signals has fulfilled our most sanguine expectations. 
It has paid our company a great many dollars, I am 
sure, over the delayful practices of train rules and 
train dispatches. We have not had an accident of any 
sort resulting from the change in practice; not a 
life lost nor a person injured." 

It is realized that before the development of the 
absolute permissive block system for single-track 
railroads, their operation by signal indication only 
would probably have led to a good many delays, 
caused by opposing trains entering the same section 
at or near the same time, and being stopped by the 
signal opposing them when they got near together. 

The Erie Railroad for several years has been using 
signals for the directing of traffic on the Susquehanna 
Division. 
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In this installation the train-order signals are also 
operated in three positions. The indications are as fol- 
lows: 

(A) Arm horizontal (displays red light at night). 
Indication : Stop on main track and consult dispatcher 
by telephone. 

(B) Arm inclined 45 degrees above horizontal (dis- 
plays yellow light at night). Indication: Take siding 
and consult dispatcher by telephone when clear of 
main track. Passenger trains will report before pull- 
ing into siding. 

(C) 1. Arm inclined 90 degrees above horizontal 
(displays green light at night). Indication: Proceed 
regardless of following preferred trains until other- 
wise directed by dispatcher. 

2. Trains are forbidden to accept this indication if 
there is any known cause which will prevent them 
from making their usual running time. In such an 
event, they will consult immediately with dispatcher 
by telephone. When a train accepts the ^'proceed" 
indication, and for any cause is unable to make its 
usual running time, it must protect itself against the 
following preferred train according to Rule 99, Operat- 
ing Department. 

(D) 1. It is forbidden to use a crossover at any 
point where a telephone train-order signal is located 
without permission from the dispatcher. 

2. When trains approach interlocking points with 
insufficient time to clear the schedule of a superior 
train at next passing point, the 'whistle must be 
sounded for siding; and if ''proceed'' signals are dis- 
played, trains will proceed in accordance with para- 
graph "C." 
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The indications of these train-order signals, together 
with the automatic block signals, have greatly facili- 
tated traffic and reduced unnecessary stops of trains' 
to a minimum. 

The dispatcher directs late trains or extra trains by 
sending telephone instructions to the signalman at the 
train-order' offices. The train-order signals are oper- 
ated in accordance with these instructions. 

Increased Responsibility — This chapter may appear 
to deal more with train operation than with signaling; 
yet it is plain to all of us that the greater the depen- 
dence placed upon signals, the more careful we must 
be in their maintenance, in order that the acceleration 
of traffic may be realized. The operation of trains by 
signal indication makes the signals more important 
than ever before. The more important the work of 
the signal department, the greater is the* responsibility 
upon the shoulders of every man who is assigned to 
the work of signal maintenance. 

And with this increased responsibility, of course, 
should come increased skill and better working con- 
ditions, so that all may participate in the benefits 
which would follow from such improved operation. 
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CHAPTER XIV 

AUTOMATIC TRAIN CONTROL AND AUTOMATIC 

STOPS 

THERE is probably nothing in recent years that has 
caused as much diversity of opinion as the question 
of automatic train control and automatic stops. The 
argument against both automatic train control and auto- 
matic stops is that their installation decreases the respon- 
sibility of the engineman and trainman and thus pro- 
motes carelessness. 

Difference Between Automatic Train Control and 
Automatic Stops — Probably the first thing to get defi- 
nitely in mind is the difference between automatic train 
control and automatic stops. The automatic stop is a 
device which applies the air brake, giving either a serv- 
ice or an emergency application, and thus tends to bring 
the train to a stop. The automatic train control is an 
apparatus designed to reduce the speed of a train to a 
certain rate, in case the condition of the block justifies 
a cautionary speed, or to bring the train to a stop, pro- 
vided the block in advance is occupied. Therefore, with 
automatic train control we would stop the train if the 
conditions were such that a stop signal would be dis- 



played, but would allow it to proceed at a safe speed if 
the conditions were such that a caution signal would be 
displayed. 

An automatic stop operates only when a stop signal 
would be displayed, while automatic train control 
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operates in accordance with both the "caution" and the 
'*stop" indications of a signal. 

There has been a great deal of controversy as to which 
of the two, automatic stops or automatic train control, 
should be used in case it were decided to use one or the 
other. Advocates of automatic train control claim that 
to control the speed of the train in accordance with cau- 
tionary indications will greatly facilitate the movement of 
traffic and increase safety; and advocates of the pure 
automatic stop claim that automatic train control is too 
complicated and that it is not necessary to take the con- 
trol of the train away from the engineman until he is 
confronted with what would be a "stop" indication. 

There is still further difference of opinion as to when 
control of the train should be taken away from the 
engineman. Some argue that after the air has been once 
applied, and the engineman has thus been warned that 
there is danger ahead, he should be free to control the 
further operation of the train, bringing it to a complete 
stop or reducing its speed to a safe rate. Others argue 
that after the brakes are once applied, the engineman 
should be prevented from regaining control of the train 
until it has been brought to a complete stop. 

Most advocates of train control or automatic stops are 
advocating them as an addition to, and not as a substi- 
tute for, automatic signals. 

Classification of Methods — The automatic train con- 
trol committee of the Interstate Commerce Commission 
classified the methods of operating train control as 
shown in the following table : 
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Character of Class of Device 
Control 

L Intermittent. A. Contact. 



Type of Device 



tact. 



C. Non-contact. 



1. Plain mechani- 
cal trip. Ground 
or overhead. 

2. Electrically con- 
trolled mechani- 
cal trip. Ground 
or overhead. 

3. I nt ermittent 
electric contact. 

B. Track rail con- 1. Insulated truck 

with short track 
circuit section. 

1. Induction. 

2. Inert roadside 
element. 

3. Non - magnetic 
rail. 

1. Third rail or 
special conduc- 
tor. 

1. Induction. 

2. Wireless. 

General Requirements — Several years ago the auto- 
matic train control committee also laid down general 
requirements for automatic train control and automatic 
stops,. which are as follows: 

1. The apparatus shall be so constructed as to operate 
in connection with a system of fixed block or interlock- 
ing signals, and so interconnected with the fixed signal 
system as to perform its intended functions: (a) in the 
event of failure of the engineman to obey the fixed 
signal indications, and (b) so far as possible when the 
fixed signal fails to indicate a condition requiring an 
application of the brakes. 



II. Continuous. A. Contact. 



B. Non-contact. 
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2. The apparatus shall be so constructed that it will 
perform its intended functions if an essential part fails 
or is removed; or a break, cross, ground or failure of 
energy occurs in electric circuits, when used. 

3. The apparatus shall be so constructed as to make 
indications of the fixed signal depend upon the operation 
of the track element of the train control device. 

4. The apparatus shall be so constructed that proper 
operative relation between those parts along the roadway 
and those on the train will be assured under all condi- 
tions of speed, weather, wear, oscillation and shock. 

5. The apparatus shall be so constructed as to pre- 
vent the release of the brakes after automatic applica- 
tion, until the train has been brought to a stop, or its 
speed has been reduced to a predetermined rate, or the 
obstruction or other condition that caused the brake 
application has been removed. 

6. The train apparatus shall be so constructed that 
vhen operated it will make an application of the brakes 
sufficient to stop the train or control its speed. 

7. The apparatus shall be so constructed as not to 
interfere with the application of the brakes by the en- 
gineman's brake valve or to impair the efficiency of the 
air brake. 

8. The apparatus shall be so constructed that it may 
be applied so as to be operative when the engine is run- 
ning forward or backward. 

9. The apparatus shall be so constructed that when 
two or more engines are coupled -together or a pusher is 
used, it can be made operative only on the engine from 
which the brakes are controlled. 
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10. The apparatus shall be so constructed that it will 
operate under all weather conditions which permit train 
movements. 

11. The apparatus shall be so constructed as to con- 
form to established clearances for equipment and struc- 
tures. 

12. The apparatus shall be so constructed and in- 
stalled that it will not constitute a source of danger to 
trainmen, other employees, or passengers. 

The Regeui Train Central — While there have not 
been a great many actual installations of train control 
or automatic stops, the Regan train control has been in 
service on the Rock Island for a considerable period. 

The Regan train control is comprised of two elements : 
the locomotive and tender equipment and the apparatus 
located on the roadside. The locomotive and tender 
equipment consists essentially of a speed circuit con- * 
troller, an electro pneumatic valve, a shoe mechanism, a 
relay, a storage battery, a release key, the necessary con- 
duits and wiring for the electric circuits, and, when 
desired, visual or audible cab signals. The illustration 
shows the arrangement of the various parts as installed 
on locomotives of the Chicago, Rock Island and Pacific 
Railroad. The roadside equipment consists of a spe- 
cially designed ramp and the necessary connections. 

The locomotive and tender equipment is so arranged 
and interconnected as to cause the shoe stem to pick up 
from the roadside apparatus an indication of the proper 
characteristic to actuate the relay to one of three posi- 
tions, namely, "full proceed," "caution," and "stop." As 
the shoe rides up the inclined surface of the ramp, it 
moves the electric circuit controller and thus disconnects 
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the storage battery, and at the same time it connects the 
ramp circuit, which remains connected during the travel 
of the shoe over the horizontal surface of the ramp. As 
the shoe rides down the inclined surface at the leaving 
end of the ramp, the storage battery is again connected 
and the roadway circuit cut off. 

When a full "proceed" or "caution" indication is re- 
ceived, the storage battery thereafter supplies energy to 
the locomotive and tender equipment to maintain the 
indication received, until the characteristic of the current 
is changed to actuate the relay to the other position or 
to stop the train, as the case may be; but the storage 
battery is cut off from the circuit and energy from the 
roadside is substituted momentarily at each signal or 
ramp location, the condition of the roadside and loco- 
motive and tender equipment being checked in this way. 

When the locomotive and tender equipment is actuated 
to the full "proceed" position, the storage battery sup- 
plies energy to the magnet of the electro pneumatic 
valve through a circuit controller directly connected to 
the stem of the shoe mechanism; and this actuates the 
valve so that it closes the brake pipe vent and opens the 
reservoir supply to the engineman's brake valve. In the 
full ''proceed" position, the sf>eed circuit controller is 
cut out from the circuit entirely. 

When the character of the current is changed by the 
roadway apparatus, and the locomotive and tender equip- 
ment is actuated to the "caution" position, the circuit is 
as above described, except that the speed circuit con-- 
t roller is automatically connected into the circuit. If a 
train exceeds the predetermined speed for which the 
speed circuit controller is adjusted, the controller 
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operates to de-energize the electro pneumatic valve and 
thus opens the brake pipe vent and causes a service 
application of the brakes. The reservoir supply is 
closed at the same time to prevent the brakes from being 
released by the engineman's brake valve. When the 
speed has been reduced to the point at which the con- 
troller is set, the controller operates to close the electric 
circuit, thus again energizing the magnet of the electro 
pneumatic valve, closing the brake pipe vent, and restor- 
ing the brakes. 

A "caution" indication having been received, the speed 
is automatically closely restricted throughout the caution 
block to the predetermined point at which the controller 
is adjusted, the brakes applying automatically whenever 
the train exceeds the predetermined speed and releasing 
automatically whenever the speed is reduced to the 
proper point. In actual service it is found that the 
engineman quickly learns how best to operate under 
speed control, and that the train is ordinarily held just 
below the predetermined speed. 

In the operation of this system an application of the 
f)rakes is made by the automatic control apparatus when 
any of the following conditions exist: 

(a) When a train passes a signal in the "caution" 
position, or a ramp carrying the "caution" characteristic, 
at excessive speed. 

(b) Whenever a train exceeds the predetermined 
speed while running in a caution block or over limited 
speed territory. 

(c) At a stop signal or de-energized ramp. 

When an automatic application of the brakes is made 
by the control system, the brakes may be released, with 
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the device in service, only by one of three methods, as 
follows : 

1. By automatic release, as in caution or limited ter- 
ritory, when the speed is below that for which the speed 
controller is set. 

2. By automatic release as when passing over cau- 
tion or limited speed territory to a clear block or to 
unlimited speed territory. 

3. By operating the release switch to pass a stop 
signal or a de-energized ramp. 

In order to proceed after having been brought to an 
automatic stop, or in order to pass a "stop" indication, 
it is necessary for the engineman to oj>erate a release 
switch. The train may then proceed, but only under 
automatic speed control, until the next ramp location is 
encountered, when, if the block be clear, unlimited speed 
will be restored. 

Speed Circuit Controller — The speed control mech- 
anism is housed in a case which is attached to the 
locomotive. It consists essentially of one part which 
revolves with the axle to which it is connected, and 
anoj:her part which is arranged for connection with the 
locomotive circuit by means of a flexible conduit. Ball 
or roller bearings are provided to reduce friction and 
to guard against undue strain on the flexible connection. 

The speed controller is of the centrifugal type. The 
governor is mounted upon a base plate which is bolted 
to the end of the axle "of the pony wheels and centered 
with the axle, and the counter bore in the axle is fitted 
with a projection from the main stem supporting the 
governor. As the wheel revolves, the centrifugal gov- 
ernor operates a circuit controlling device, which is 
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adjusted to any predetermined speed, depending upon the 
class of service to which the locomotive is assigned. 
Connection to the circuit is made by means of fixed con- 
tact springs and binding posts properly insulated. 

It is evident that automatic speed control may be 
installed to advantage where safe operation on perma- 
nent slow track is desired — as on sharp curves or at 
other locations where limited speed is required — and 
where it is deemed advisable to set a maximum limit as 
to speed, as on inferior branch lines or on trains of a 
certain class. When used in this way it requires no 
roadside connections. With a battery, an electro-pneu- 
matic valve, and the necessary connections, it constitutes 
a complete maximum sf>eed control system. 

Shoe Mechanism — The shoe mechanism is mounted 
upon the arch bar of the tender truck or fastened to the 
trailer truck of the locomotive. It consists of a shoe 
stem, a cylinder, and a circuit controller, all housed in a 
cast steel case. The circuit controller is attached directly 
to the shoe stem, which in its travel over the ramp moves 
a sufficient distance to supply ample movement for select- 
ing between the locomotive and the roadway energy. 
Protection for the circuit is provided by a flexible con- 
duit connected from the housing to the fixed conduit on 
the locomotive. 

The shoe stem is held in position for contact with the 
ramp by means of the cylinder into which the upper 
part of the shoe stem is fitted, this cylinder being directly 
connected to the brake pipe, so that the shoe stem is 
held in the "down" position under pressure. When the 
shoe contacts with the ramp, constant pressure is avail- 
able throughout the movement, the brake pipe acting as 
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a reservoir to receive the volume of air displaced from 
the cylinder and to restore the shoe stem to its normal 
position. The shoe stem is also directly connected with 
the brake pipe, and it is drilled almost throughout its 
length to insure a service application of the brakes in 
case it should be broken off. 

A bolt lock is provided for fastening the shoe stem in 
the "up" position if it is desired to operate a locomotive 
fitted with train control equipment outside of train con- 
trol territory. When the stem is so secured, the loco- 
motive circuit is de-energized, and energy from the stor- 
age battery is thus conserved. 

Roadside Apparatus — The roadside apparatus con- 
sists of a ramp, a battery, a relay, and the wiring neces- 
sary to connect the ramp with the signal system or with 
the track circuits, or with both, as the case may be. The 
ramp is of special design and is built of angle iron with 
a copper insert. It is mounted upon cast iron supports 
bolted to standard ties, being separated from these sup- 
ports by a suitable block or wood stringer. It is made 
with an incline at each end to insure proper movement 
of the shoe mechanism. The battery and the relays are 
standard types used in signal work. 

The Miller Stop — The Miller automatic stop has 
been installed upon the C. E. I. Railroad for. several 
years. This installation simply applies the air on the 
locomotive where a ramp indication is received which 
would correspond to the "stop" indication of the signal. 

The apparatus is so arranged that, after the air has 
been once applied, the engineman may manipulate his 
air as he sees fit. He can immediately regain control of 
his train after the air has been automatically applied. 
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The main features of the Miller train control are a 
ramp on the roadside connected in an electric circuit, a 
contact shoe on the locomotive, a relay in the locomotive 
cab, and the necessary circuits. The contact shoe is 
raised every time it passes a ramp. If the ramp is 
energized, an electric circuit is set up through the 
ramp, the shoe of the locomotive and the relay in the 
locomotive cab. 

When the shoe of the Miller automatic stop rises, it 
tends to open the air line and apply the brakes. How- 
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Figure 85 — Miller Train Control. Typical Circuit with Ramp De-energUed. 

ever, when the ramp is energized, the electric current 
which comes through the ramp and the shoe to the 
electro-magnet in the cab raises the armature of this 
electro-magnet and thus opens another port, so ar- 
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ranged that the opening in the air line caused by the 
mechanical raising of the contact shoe is balanced. 
Thus, if the block ahead is unoccupied, the roadside 
ramp is energized, the action of the shoe in rising is 
counteracted by the picking up of the relay armature 
in the cab, and there is no application of the brakes. 

But if there is a train in the block ahead, or there is 
a broken rail or other conditions which would cause the 
signal to display the "stop" indication, the ramp will be. 
de-energized just as the track circuit relay is de-ener- 
gized, no current will pass through the ramp and the 
shoe to the relay, there will be no counteraction of the 
opening of the air line, and the brakes will apply. 

The ramp circuit is controlled through both the relay 
of the track circuit and the relay of the signal, so that 
in case either of these circuits fail, the ramp circuit will 
also fail and the brakes will be applied. 

The ramps of the Miller train control are not located 
at the signals. They are located braking distance in 
advance of the signals, so that if a signal is in the 
"stop" position a train will receive an automatic brake 
application before it arrives at the signal location. Brak- 
mg distance is so figured as to stop the train with the 
service application of the. brakes by the time it gets to 
the signal in the "stop" position; and this distance is 
figured for the highest speed trains and most unfavor- 
able track conditions. 

In eflFect, this gives a protection similar to that given 
by a home and distant signal installation. The brakes 
are applied automatically at a point where a distant signal 
would have indicated "caution" when the home signal 
was at "stop." Thus in a measure the Miller train con- 
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trol resembles a three-indication system where the ramp 
gives the "caution" indication when the signal itself 
shows the "stop" indication. 

Shadle Automatic Signal and Stop System — The 
Shadle automatic signal and stop system is of the inter- 
mittent electrical contact type, with sixty-foot ramp rails 
located in advance of the signals. There is an installa- 
tion of this train control on the C. I. & W. R. R. in 
absolute permissive block single track line. The engine, 
in addition to the automatic service brake valve, has a 
speed control device for holding the brakes until the 
train speed has been reduced to a predetermined rate. 

Upon operating a block displaying the "caution" indi- 
cation, two applications of the brakes are made auto- 
matically through the engineer's brake valve, and the 
train speed is thus reduced to the predetermined rate 
and held below this rate through the rest of the block. 
Upon operating a block protected by a "stop" indication, 
a further application of the brakes is made and the 
train is brought to a full stop. 

The sp>eed control apparatus in this system is inde- 
pendent of the automatic control equipment, and a fail- 
ure of the speed control has no effect on the automatic 
control and stop system. The operating equipment con- 
sists of three electro-magnets, which operate circuit con- 
trollers, located in an iron box suspended under the body 
of the tender tank. One of these magnets has four dif- 
ferent windings, and this magnet gives the speed control. 
A second magnet is for the pick-up from the ramps. 
The third magnet is for maintaining the automatic con- 
trol equipment inoperative when the block is clear. 

The speed control is accomplished by what is called a 

240 



AUTOMATIC TRAIN CONTROL AND STOPS 

"tachometer," driven by a flexible connection attached to 
one of the axles of the engine truck. 

When a train encounters a "caution" indication, the 
movement of the ramp shoe will cause an automatic 
service application of the air brakes, bringing the speed 
of the train down to the "caution" speed and preventing 
this speed from being exceeded until another signal has 
been passed. When the train encounters a "stop" signal, 
the movement of the shoe on the ramp causes a service 
application of the brakes, which will bring the train to 
a complete stop. 

American Automatic Train Control — ^The American 
automatic train control is installed on twenty-one miles 
of main line on the Chesapeake and Ohio Railroad — on 
a single track section between Gordonsville and Char- 
lottesville, Virginia. All freight and passenger engines 
(forty-one) are equipped with the control, which has 
been in operation for three years, and the C. & O. has 
now contracted for a forty-mile extension to this instal- 
lation. 

The American automatic train control was designed 
to solve the following problems: 

1. Meeting train movements on single track without 
reducing the capacity of track. 

2. Reducing the obstructing of roadbed to a mini- 
mum by the use of ramp rails only forty feet in length, 
from which both automatic stop and cab signals are 
operated. 

3. Controlling speed of train by electrically operated 
speed control, in place of speed control operated by 
mechanical means. 
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4. Reducing to a minimum the time consumed in 
stopping and starting a train when stopped by automatic 
application of brakes. 

5. Producing an equipment that will stand up under 
the constant rough usage of regular service operation 
(having only one moving part). 

6. Transmitting condition of track circuits into engine 
cab with lights and whistles to call attention of engi- 
neer. 

With this train control the operation of the air brakes 
is not taken out of the engineer's hands until he has had 
every opportunity to obey the signals. 

The present installation covers twenty-one miles of 
single track main line; and the train control is designed 
on the absolute permissive block system principle, giving 
absolute protection against approaching trains and per- 
missive protection against following trains. Speed 
control features were not included in the C. & O. in- 
stallation mentioned. 
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